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Pablic Safety 


AOLLOWING a succession of acci- 
dents to fast railway trains last 
winter, statements were made that the 
public demanded the highest possible 
speed. This might be modified by 
adding the words “consistent with 
safety." Another important require- 
ment is the maintenance of the adver- 
tised schedule, so that the traveler 
may plan his journey with a reason- 
able possibility of making the necessary 
connections. There are many reason- 
able excuses for delay. Ап open 
drawbridge is one of them. The adop- 
tion of electricity as a motive power 
makes it feasible to utilize tunnels to 
a greater extent than has heretofore 
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NOTES AND COMMENTS 1 


been desirable, and bridges will no 
doubt be superseded by them, where the 
traffic warrants the change. Every pre- 
caution is being taken to guard against 
disaster upon the many subterranean 
lines now in operation, as well as 
those which are to be installed їп 
the near future, but there is well- 
founded apprehension that the people 
are confronted with the possibility 
of a frightful disaster, which human 
foresight cannot always guard against. 
Single lives are daily being sacri- 
filed without attracting comment; 
but when a number are killed and 
wounded the accident becomes a 
catastrophe, and if due to carelessness 
or neglect there is at once an unreason- 
able clamor, which frequently passes 
away without leading to any important 
improvement in conditions. The elec- 
trical engineer is now an important fac- 
tor in every branch of industrial 
progress. The makeshift policy of pio- 
neer days has been supplanted with a 
demand for the best possible construc- 
tion. As an industry develops, better 
methods are introduced, and the general 
interchange of ideas, the criticism of 
proposed departures from current prac- 
tice, should lead to continual improve- 


ment. The convention season now 
passing has been unusually active. No 
epoch-making invention has been 


brought out, but every department of 
electrical industry has shown an ad- 
vance that is in the direction of public 
convenience, economy, and safety. 


Delegates Conference 


LTHOUGH there was an informal 
gathering at the Milwaukee Con- 
vention in 1906 of members inter- 
ested in local organizations, and an in- 
teresting exchange of views, no advance 
preparations had been made, and the 
representation of the Sections was not 
as general as was the case at the Niagara 
Falls convention in June. With the 
coóperation of the Board of Directors, 
Chairman Spencer made a special 
effort to inform the officers of the 


(RECAP) 
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Sections that they were entitled to 
representation by their chairmen, and 
an appropriation was made to meet the 
cost of transportation, The result was 
very gratifying, as over twenty officers 
and delegates were present; distant 
points being especially well represented. 
There has been a distinct growth in the 
number of original papers presented at 
local meetings, possibly due to a better 
understanding of the policy of the 
Institute in sending to the Sections ad- 
vance copies of papers read at the New 
York meetings. These are intended 
more especially for use where local 
papers cannot be obtained, yet they 
are frequently abstracted at the meet- 
ings of many of the largest Sections, and 
valuable discussions have thus been 
elicited. The extraordinary develop- 
ment of the Schenectady Section was 
interestingly told by Mr. Rushmore. 
Through its extension of meeting 
privileges to non-members upon pay- 
ment of a small fee, the Section has 
been self-supporting, and carries over a 
surplus of $773.58 to begin next sea- 
son's work. It has been the opinion 
of many that the plan of local mem- 
bership would check the legitimate 
growth of the Institute: this does not 
appear to be the result, judging from 
the increase of the Institute member- 
ship in Schenectady. The same ar- 
gument might be used against the pub- 
lication of Institute papers in the 
technical press, and with still greater 
force. The Institute is too well es- 
tablished to be weakened bv the broad 
policy of permitting its light to pene- 
trate into every nook and corner of 
industrial activity. In this way its 
work becomes known to the greatest 
number, and its influence and pros- 
perity augmented accordingly. 


Foreign Members 


LL Members and Associates, wher- 
ever located, will hereafter be re- 
quired to pay the annual subscription of 
ten dollarsand fifteen dollars, respective- 
ly, for the two grades. There has been 


[July 


а reduction in favor of foreign member: 
since the foundation of the Institute. 
but experience shows that the cos 
of supplying them with printed matter 
has been greater than the same service 
to domestic members, while the average 
total expenditure per capita has been 
over ten dollars, or double the sut- 
scription of foreign Associates. Under 
these conditions ordinary business pru- 
dence seemed to offer no alternative. 
and as the matter could be adjustec 
only by an amendment to the Constitu- 
tion, the change was recommended tsy 
the committee. It is believed tha: 
there will be no general objection te 
this departure, as the merits. of the 
publications of the Institute are s 
generally appreciated, that no engineer 
of standing will care to dispense with 
them. In the case of members now cr 
the list, the proposed change cannot g^ 
into effect until the first of May 1905 
As foreign members were given an ор- 
portunity to vote upon this question. 
presumably the conditions were under- 
stood by them, as there were bu 
ninety-five negative ballots recorded 
out of a total of about four hundred 
members who will be affected by the 
change. 


Y vote of the Board of Directors the 
New York meetings will hereafter 
be held on the second, instead cf the 
fourth Friday of every month. This 
change was made to avoid the holidays 
which occasionally have made it necess- 
ary to select dates either too near or dis- 
tant from the last or following meeting. 
The first meeting for the year 1907-1905 
will therefore be held in the auditorium: 
of the Engineers’ Building on Friday. 
October 11, 1907. 


[Т is gratifying indeed to record that ` 


during the last four months no les: 
than 659 men interested in electrica 
engineering have availed themselves o: 
the advantages and privileges attachin;: 
to associate membership in 
Institute. 
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Selenium Cells* 
Bv К. A. L. SNYDER. 

The element selenium was discovered 
by Berzelius in 1817. It can be ob- 
tained in various forms and applied to 
many uses, although its peculiar proper- 
ties have been generally understood 
for only about thirty-five years. In 
1873 while experimenting with selenium 
as an ohmic resistance, Willoughby 
Smith discovered that the resistance of 
this metal was reduced by exposure to 
light. In using sticks of selenium as a 
resistance in an experimental tele- 
graph circuit, he had trouble with the 
current varying; on investigating he 
found that when the cover to a box 
in which he had placed the selenium 
was closed, the current was less than 
with the box open. Further investi- 
gation showed that the electrical re- 
sistance of selenium varied with the 
amount of light falling upon it. 

Siemens, in 1875, carried out some 
valuable investigations of the properties 
of selenium, and his experiments re- 
vealed much of the various forms that 
selenium assumes under different con- 
ditions. After being melted and quick- 
ly cooled, selenium assumes a trans- 
lucent, vitreous formation, and upon 
being held to the light will have a dark- 
red color. While in this condition it is 
a dielectric and can be electrified by 
friction, like glass. If, however, the 
molten selenium is cooled slowly it 
will assume a gray crystalline formation, 
become opaque to light, and will then 
conduct electricity. According to the 
electromagnetic theory of light, it 
would not conduct electricity did it 
remain translucent, as it is a well- 
known fact that all conducting metals 
are opaque to light. 

Alexander Graham Bell took advan- 
tage of this property of selenium to 
invent a wireless telephone. This in- 
strument, known as the photophone, 
transmitted speech over a beam of 
light. From 1880 to 1881 Professor 
Bell with Sumner Tainter, took out 


*A paper presented at a meeting of the Pitts- 
burg Section, March 12, 1907. 


NOTES AND COMMENTS 3 


six or more patents on the photophone 
and selenium cells. These patents 
cover practically all the now known 
properties of selenium. Improvements 
in cells since that time have dealt 
principally with their practical applica- 
tion to various purposes rather than to 
any scientific investigation and im- 
provement in their properties. 

The photophone consists of a trans- 
mitter for varying the intensity of a 
beam of light by means of sound waves 
impinging upon it, and a receiver for 
converting the light waves at a distant 
point back into sound waves. The 
transmitter consists of a glass disk, 
silvered to reflect a pencil of light fo- 
cused on it from the sun or an arc 
lamp. This glass disk is used as a 
diaphragm, similar to that of an ordi- 
nary telephone transmitter, except that 
the rear side of it is made free to re- 
flect the beam of light. Professor 
Bell successfully used for this purpose 
glass disks varying from 2 in. in diame- 
ter, and the thickness of ordinary 
paper, to 30 in. in diameter, and of 
proportionate thickness. The smaller 
disks gave the better results. The re- 
ceiver consisted of a parabolic reflector 
with a selenium cell placed at its focus. 
In series with the cell was placed a 
battery and telephone receiver. 

This instrument talks quite distinctly 
and has been used for transmitting 
sounds over a distance of 700 ft. 
Prescott states that the fundamental 
conception of the photophone dates 
from 1878, when, in lecturing before 
the Royal Institute, Professor Bell 
announced the possibility of hearing a 
shadow fall upon a piece of selenium 
included in a telephone circuit. The 
photophone, however, outgrew the 
particular electrical combination that 
suggested it; for not the least of the 
remarkable points in this research is 
the discovery that audible vibrations 
are set up in thin disks of almost every 
kind of material by merely throwing 
upon them an intermittent light. Ifa 
glass bulb filled with fine charged cork 
dust and connected with a flexible tube 


4 PROCEEDINGS OF A. I. E. E. 


be placed in the focus of the para- 
bolic reflector of a photophone, the 
light waves will be converted into sound 
waves the same as with the selenium- 
cell battery and telephone receiver. 
The action of light on the burnt cork 
dust, however, is not the same as on 
the selenium. The sound from the 
burnt cork dust appears to come from 
sudden expansion of air in the bulb 
caused by the heat absorbed from the 
light striking the burnt cork. It re- 
quires very little energy to throw air 
into vibration, which is obvious when 
one stops to think of the number of 
cubic yards shaken by the song of so 
small an insect as a cricket. "The burnt 
cork photophone does not transmit 
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it was not long before different inven- 
tors were trying its effect upon the 
selenium cell. Their efforts were nat- 
urally successful and Herr Ruthmer, 
the German scientist, was able to 
transmit speech by means of light to a 
distance of 15 miles. He placed the 
speaking arc in the focus of a parabolic 
reflector and collected the rays in a 
distant receiver similar to Professor 
Bell's photophone. 


Phonograph. Herr Ruhmer also 


photographed the sound waves from 
a speaking arc upon a celluloid film, and 
reproduced the sounds by passing the 
film between a source of light and a 
selenium cell in series with a battery 
and telephone receiver. 


Narrow Sof 


Fic. 1—Ruhmer's selenium cell phonograph recording apparatus. 


speech as well as it transmits music, 
and is known as the musical photophone 
in distinction from the selenium or 
articulating photophone. 

It may be thought that the heat rays 
accompanying a light beam have a 
great effect in changing the resistance of 
the selenium cell, but this is not the 
case. If a filter of alum water be in- 
terposed between the source of light 
and the transmitter it will absorb the 
heat rays and allow the light to pass, 
but it does not reduce the effect on the 
selenium cell. In fact the light rays 
towards the ultra-violet end of the spec- 
trum seem to have the most powerful 
effect. 

After the speaking arc was discovered, 


Photometry. The use of selenium as 
a measure of light intensity has always 
been a very attractive experiment. 
Selenium changes its electrical resistance 
in proportion to the amount of light 
falling upon it. If the selenium is in 
the form of a cell with a current 
flowing through it, the current will 
vary according to the resistance, or in 
proportion to the amount of light falling : 
upon the cell; and any change in the 
current can easily be measured with our 
present instruments, thus making a 
direct-reading photometer. The one 
great objection to the use of selenium 
as a photometer, which has not been 
overcome, is that its resistance gradually 
changes. What is hnown as tatigue. 
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or soaking, takes place; that is, the 
resistance of the cell will change rapidly 
when light first strikes it and keeps 
slowly changing for some time after. 
This soaking effect varies greatly with 
different cells. We have had some 
cells that acted very slowly, while 
others seemed to go instantly to a 
fixed value and stay there as long as the 
light remained constant. The return 
of selenium to its dark resistance is 
very much slower than its change to 
light resistance. 

We have made a photometer with a 
cell in a bridge circuit with another com- 
pensating cell; this appears to give very 
good results. "This apparatus has been 
on test for four or five months and while 
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work with less effort. It certainly 
will be valuable to newspapers. 
Messrs. S. P. Grace and J. G. Roberts 
invented, in 1900, а successful instru- 
ment for transmitting pictures to a 
distance. I do not happen to have an 
exact description of the machine. 
Most of the machines so far invented 
consist of a receiving apparatus for 
varying the resistance of a selenium 
cell by throwing the light from the 
focus of a picture by successive steps 
from different parts of the picture upon 
the cell. The light from the picture is 
generally passed through a hole in a 
screen, which hole travels rapidly 
backward and forward over the picture, 
covering every portion of it in regular 
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Fic. 2—Ruhmer's selenium cell phonograph reproducing apparatus. 


our measurements of it are rough, yet 
the cells apparently have not changed. 
Mr. Fitzhugh Townsend has ex- 
perimented quite extensively with 
selenium cells and he claims that the 
same curve for time and light can be 
secured day after day when readings 
are taken under certain conditions. 
Picture Transmitting Apparatus. Nu- 
merous patents have been taken out 
for picture transmitting apparatus, 
based on the use of the selenium cell. 
It is probably only a question of time 
before a practical machine will be placed 
on the market. Just how valuable it 
will become remains to be seen. It 
may be a means of extending the busi- 
ness man's capacity for doing more 


order. The picture may be produced 
by an object reflected through a lens 
or by a strong light reflected through a 
specially prepared transparent photo- 
graph. The receiving end is usually 
the hard part to design. А sensitized 
film of some kind is generally used to 
receive the picture. One of the most 
common forms, which works compara- 
tively slowly, is to allow a point to 
travel over a piece of paper soaked with 
a chemical that bleaches out when a 
current passes from a pointed electrode 
dragged over its surface; the successive 
dots made by the current pulsations 
form a picture. One patent just issued 
uses a mechanical punch, worked by 
an electromagnet, for making the dots. 


6 PROCEEDINGS ОЕ A.I. E. E. 


The current along the line is reinforced 
by a relay. The sensitive arc flame 
and the oscillograph have also been 
tried. The oscillograph promises to 
give better results as a receiver than 
any of the others. All the machines 
of which descriptions have been pub- 
lished print the receiving picture, but 
none of them can transmit the image 
of an object from one end to be seen 
instantly at the other. Rumors of 
such a machine come from Portland, 
Oregon, but so far nothing authentic 
has been published about it. 

All picture transmitting apparatus 
depends upon parts at each end moving 
in synchronism, so that at the instant 
when the selenium cell is hghted up 
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ium cells are generally made by turning 
two spiral grooves on a short cylinder 
of pipe clay, porcelain, or lava, and 
winding two fine parallel wires in the 
grooves. The following is from an 
excellent paper by Professor Townsend, 
on the selenium cell. 

" While in a crystalline form the 
resistance of selenium is very high and 
not of much use. It is, however, 
sensitive to light. By heating for a 
number of hours either the vitreous 
form or the crystalline form just de- 
scribed the conductivity of the metal 
becomes greatly increased, and, if the 


temperature is reduced very slowly 
to atmospheric temperature, а high 
degree of sensitiveness to light is 
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hic. 3—Bell’s telautophone. 


from a certain point in the picture and 
sends out a current it will work the 
receiving end and print a light spot 
corresponding to the transmitting end 
and in exactly the same position at the 
same Instant. 

The Western Electrician of Feb. 
26, 1907, describes Professor Korn's 
system of transmitting pictures by 
electricity. This appears to be a very 
perfect piece of apparatus. One of 
the special features of the machine 15 
a method of using an extra selenium 
cell to compensate the lag in the action 
of the main cell. Another feature is 
that he uses a small aluminum shutter 
in a galvanometer at the receiving end 
for varying the light. 


Selenium Cell Manufacture. Selen- 


. 
attained. It is in this conducting 
crystalline form that selenium is em- 
ployed for signaling purposes. The 
vitreous form of the element melts at 
210 degrees centigrade, but the crystal- 
line forms have a considerably higher 
melting point. 

Selenium, 
crystalline 
high 
necessary, 


in metallic 

extremely 
resistance, and it 15 
therefore, to construct a 
rheostat made of it in such a way as to 
offer a great many paths for the current 
between one terminal and the other. 
One of the most usual methods is to 
cut two parallel threads in a refractory 
tube made of glass or lava, or some 
material. А pair of parallel 
wires are then put on the tube so that 


even when 
form, has an 
specific 


such 


Digitized by Google 


1907] 


they run spirally side by side along the 
threads. These two wires form the 
opposite electrodes, The tube is then 
made to spin in a lathe, and at the same 
time heated somewhat above 210 de- 
grees centigrade. The vitreous selen- 
ium is then run along the tube, to which 
it clings in a thin sheet. This method of 
construction necessitates the use of a 
parabolic mirror, because otherwise 
the light rays would only fall on one- 
half of the sensitive material. In 
order to obviate this, resistances can 
be constructed so as to be plane instead 
of circular. Alternate plates are con- 
nected together and to one of the bind- 
ing posts. 

Another way of accomplishing the 
same result is to wind two parallel 
wires close together along a broad piece 
of refractory material, such as slate. 

In order to cut down the ohmic 
resistance, it is necessary to bring the 
adjacent wires or steps as near together 
as possible. This distance should be 
in any case considerably less than a 
millimeter. The selenium must Бе 
put on so as to form an extremely thin 
coating, because this light appears to 
act only on the surface of the metal, it 
being opaque; therefore, if any ap- 
preciable thickness is allowed, a great 
deal of current will be conducted from 
one electrode to the other through a 
part of the material which is not 
affected by the light, and it is desirable 
to cause the current to flow along the 
surface where the resistance is altered 
by the effect of the light rays. 

It is obvious, since the two electrodes 
are composed of a series of wires or 
plates extremely close together, that 
the effect of any moisture deposited 
on the surface will be very noticeable, 
and that the surface must be kept dry 
if the resistance is not to be affected by 
atmospheric conditions. In the latest 
developments by Professor Rühmer, of 
Berlin, the selenium resistance is en- 
closed in an exhausted glass bulb, this 
having been found to give the best 
results. 

Higher brass, copper or silver may 
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be used in the construction of a selenium 
resistance. One of the difficulties in 
the construction is to make the molten 
substance stick fast to the electrodes. 
The selenium appears to combine to 
some extent with the surface of the 
metal on which it is desposited when in 
a molten state, forming an extremely 
thin layer of selenide; this, however, 
is brittle when cold and extremely 
liable to chip off. If the copper or 
brass is slightly tinned, the adhesion of 
selenium is facilitated. 

After the selenium has been success- 
full laid over the electrodes in the 
form of a thin sheet, the resistance thus 
formed should be baked in an oven at a 
temperature of approximately 190 de- 
grees centigrade for a period of three 
hours, after which it should be slowly 
cooled; this process occupying possibly 
another three hours. 

* * * * * * * * 

It will be noted, therefore, that the 
prolonged baking and slow cooling 
have the effect of reducing the ohmic 
resistance, and increasing the sensi- 
tiveness. Experiments were carried on 
to determine the effect of slight im- 
purities in the selenium used, and it 
was found that one or two per cent. 
of copper selenide or nickel selenide 
could be present without affecting to a 
marked extent the sensitiveness of the 
resulting resistance.” | 

I have here a number of new style of 
flat selenium cells designed and manu- 
factured by Mr. H. Otto and myself. 
I have also connected some of them so 
as to demonstrate the effect of light. 
One will ring a buzzer through a relay 
when I hold a lamp near it. Another 
will light an  incandescent lamp 
through a relay, and another is con- 
nected in series with a battery and 
voltmeter. The voltmeter needle moves 
back and forward over {һе scale 
as I move the light nearer or farther 
away from the cell. 

Some of these cells measure twenty 
times higher resistance in the dark 
than in bright sunlight. The lowest 
resistance we are able to get is about 
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400 ohms light resistance. The cells 
are very hardy and do not burn out as 
do wire around cells. 


DISCUSSION 

К. A. I. Snyper: Referring to 
Fig. I, Herr Ruhmer used very small 
carbons and a small flame for his 
speaking arc. This was focused on a 
narrow slot behind which was passed 
a sensitized film. The primary circuit 
used to transmit the sound waves to 
the sensitive arc consisted of a large, 
heavy transmitter in series with an in- 
duction coil and battery. The sound 
waves striking the transmitter dia- 
phragm are transformed into electrical 
vibrations which pass through the in- 
duction-coil, causing the arc to vibrate 
and vary the light which passed through 
the lens and focused on the photo- 
graphic film passing before the opening 
in the screen. 

After the film was exposed and de- 
veloped, different light and dark streaks, 
corresponding to sound waves, showed 
across it. It was then run through a 
reproducing apparatus which consisted 
of an arc lamp focused through a nar- 
row slot on the film. After the light 
passed through the film the rays were 
again collected on a selenium cell, 
which cell was in series with a battery 
and receiver. By listening into the re- 
ceiver one could hear very distinct 
speech. There is practically no weight 
to the vibrating parts of a phonograph 
made like this except the transmitter 
diaphragm. 

The arc is very sensitive to any 
little changes in the current. It re- 
sponds almost instantly to every vibra- 
tion of a sound. Sound can also be 
heard coming from the flame. 

S. P. Grace: This subject is very 
interesting and opens up possibilities 
to us telephone men in the way of 
utilizing our wire plant for transmitting 
pictures and perhaps direct images. 
It is very wonderful to think that we 
can take a photograph of the human 
voice, so to speak, and that is what 
Herr Ruhmer did as explained by 


Mr. Snyder. Then, again, to think 
that you can take this record and run 
it before an arc light so that the rays 
will fall on a piece of selenium and re- 
produce the original speech, is, I think, 
a very wonderful thing to do. 

А great many inventors have worked 
on the problem of transmitting pictures 
over wires. ] tried it myself, but did 
not progress very far. In 1900 Mr. 
Roberts, now with the Western 
Electric Company, and myself worked 
on a machine for transmitting pictures. 
We did not try to see over the wire. 
We did succeed in getting a machine 
which would transmit handwriting and 
pictures, and we demonstrated it over 
circuits from 60 to 70 miles long. The 
pictures were drawn upon tinfoil paper 
with insulating ink at the transmitting 
end, and at the receiving end we used 
a roll of paper which was dipped in a 
solution. I do not recall the exact 
nature of that solution. When the 
current flowed from an iron stylus on 
to this paper, the paper would turn 
blue. As the stylus passed over the 
insulating ink at the transmitting end 
the current would be reversed and a 
blue dot would appear at the receiving 
station. The machine was successful 
in transmitting handwriting and crude 
pictures. It worked well enough so 
that we were able to sell the patent 
rights. I do not expect that any de- 
vice of that kind will ever be very 
successful for commercial work. 

With telephone transmission of the 
voice we are dealing with what might 
be called longitudinal vibrations, both 
in the atmosphere and over the wire. 
When we transmit pictures we have to 
deal with а multiplicity of transverse 
vibrations. Professor Korn suggests 
that pictures may be transmitted by 
successively exposing various points in 
the picture to the action of the selenium 
cell, and the machine at the far end will 
reproduce the light or dark spots. 
This works pretty well for picture ma- 
chines and Professor Korn has used it 
to some extent. In order to transmit 
the image direct so that the eye can 


1907] 


see it, one would have to have all the 
points exposed in the picture so that 
the image would be repeated before the 
eye in one-twelfth of a second. lf we 
can successively expose all the various 
points in a picture in this space of one- 
twelfth of a second and then gather the 
images of the points at the far end, the 
image wil appear continuous. The- 
ories and schemes for doing this have 
been worked out and I believe its 
accomplishment is only a question of 
mechanical and electrical refinement. 
I confidently look forward to the 
direct transmission of images by means 
of electricity oeer wires, possibly 
within the next five or ten years. 

Н. W. FisHER: I noticed in one of 
the telephone papers that light from 
some source, passed through a picture 
and then upon the selenium cell, 
affected it. This was transmitted 
through a wire and passed through a 
galvanometer which controlled and 
varied the light so that more or less of 
it passed through and formed the pic- 
ture. This light fell on a sensitized 
screen. The beam of light was carried 
straight across and traced with different 
intensity on the sensitive film, depend- 
ing on the’ movement of the galva- 
nometer. The pictures that were 
transmitted were very good indeed. 
I do not know whether it is in commer- 
cial shape or not. 

F. W. Harris: Is the selenium cell 
affected mostly by the visible or 
invisible light of the spectrum? and 
how well will a selenium cell photo- 
meter compare lights of different 
colors? 

R. A. L. Snyper: I believe that the 
selenium cell, taking the summation of 
the light from the different colors of 
the spectrum, is affected more by the 
visible rays of the spectrum than by 
the rays outside the spectrum. Of 
course in photometry there always will 
be more or less of a controversy as to 
which color gives the more intense and 
useful light. With any form of pho- 
tometer it is pretty hard to compare 
different colored lights. 
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Twenty-fourth Annual 
Convention at Niagara 
Falls, June 25-28, 1907 

The Twenty-fourth Annual Conven- 
tion of the American Institute of Elec- 
trical Engineers was held at the Cataract 
Hotel, Niagara Falls, N. Y., beginning 
Tuesday morning, June 25, and ending 
Friday afternoon, June 28, 1907. 
About 475 members and guests attended 
the various professional апа social 
events. The professional papers cov- 
ered a large variety of subjects, and the 
discussions were animated and interest- 
ing. A large number of those attending 
availed themselves of the courtesies 
extended by the local power and manu- 
facturing companies, obtained through 
the efforts of an active and thoughtful 
local committee. Not the least en- 
joyable of the social events was a de- 
lightful reception and dance given 
under the auspices of the local com- 
mittee in the ball-room of the Cataract 
Hotel on Thursday evening, June 27. 
The local committee consisted of 
Philip P. Barton, chairman; E. G. 
Acheson, Н. В. Alverson, F. В. Н. 
Paine, апа W. N. Ryerson. 


MONDAY MORNING, JULY 25, 1907. 


The convention was called to order 
by President Samuel Sheldon at 10:15 


a.m. He introduced the Honorable 
A. C. Douglass, mayor of Niagara 
Falls. Mayor Douglass welcomed the 


Institute in the following words. 

Mayor Doucrass: I welcome you 
to our city. Fifteen years ago I came 
to Niagara as a contractor and under- 
took the building of the first canal and 
wheel pit, planned to harness the ener- 
gies of the great Niagara. In those 
days we knew very little, compared with 
to-day, about electricity. I have 
watched, with great interest, experi- 
ments at the power house, made by 
eminent engineers of this and other 
countries, but have made very little 
study of the theory of electricity. 

My connection with the work has 
always been that of a contractor build- 
ing the tunnels and wheel pits and pre- 
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paring them for the machinery. My 
last contract was the building of the 
tunnel and wheel pit for the Electric 
Development Company of Ontario. 
This tunnel is one that discharges its 
water beneath the Horseshoe Falls. 
At the time this tunnel was proposed 
there was a great deal of speculation as 
to what we would encounter when 
making our opening or outlet beneath 
the falls. 

To accomplish this work we sank a 
shaft on the Canadian shore 155 feet 
deep and drove a smal tunnel a dis- 
tance of 750 feet under the crest of the 
falls to a point on the line of the main 
tunnel. When this tunnel had reached 
a distance of 500 feet from the shaft, we 
drove a cross-cut to make an opening 
to the river below the falls. In doing 
this we encountered a large open fissure 
vein that allowed the water to enter 
and flood the tunnel. 16 was then 
necessary to find out the conditions 
outside under the sheet of water. 

I organized an exploring party, con- 
sisting of myself and two of my best 
foremen, and after several attempts 
were made from the Canadian shore 
we reached a point beneath the falls 
where the opening was to be mad. and 
began operation from the outside. 

Knowing that the action of dyna- 
mite, when exploded, is downward, we 
placed a box of fifty pounds on the top 
of the rock and exploded this by means 
of a battery. This pulverized the 
rock so that the water would carry it 
away. After using some 10,000 pounds 
of dynamite in this way I cleared an 
opening to the branch tunnel. After 
this was accomplished the work be- 
came quite easy, for in place of hoisting 
the balance of the material excavated 
from the tunnel to the surface, I used 
this opening as a dump, and all material 
from the excavation was put out into 
the lower river with very httle trouble. 

It is always customary when a man 
is elected mayor of a city to try and 
give the people something new, and on 
this line I have been trying to interest 
the people of Niagara Falls in the il- 
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lumination of the falls. With your kind 
indulgence for a few moments I will give 
you a general idea of a plan submitted 
by the General Electric Company, 
through their illuminating expert, Mr. 
W. D'A. Ryan. 

The proposed illumination of the 
falls by Mr. W. D'A. Ryan consists of 
two batteries, one of five 60-inch pro- 
jectors, mounted at the highest avail- 
able point on the Canadian side, so 
placed as to catch the crest of the falls 
and plunge the light into the broken 
waters as it rushes down between the 
bridge and the brink on the American 
side. 

They will be so placed that they can 
be used to advantage to sweep the 
rapids on the Canadian falls. The 
color attachments will be used so as to 
change the water various shades, 
including crimson, carmine, orange, 
yellow, green, violet, and purple of the 
purest shades obtainable. These vari- 
ous tints will be combined in different 
ways so as to produce innumerable 
pleasing tints and shades in various 
combinations. | 

The second battery will consist of 
twenty-five 36-inch projectors mounted 
in the form of a crescent at the base of 
the gorge on the Canadian side. This 
wil also be provided with color at- 
tachments, and the projectors will be 
so placed that they can be concentrated 
on either the American or the Canadian 
falls, or subdivided so as to cover the 
American and Canadian falls. 

Along the edge of the water opposite 
the battery in the gorge, the scintillator 
head will be installed and also the 
mortars for discharging the smoke 
bombs and mines; and it isthe intention 
to select, say two or possibly three 
nights a week for special illumination, 
and on all other nights illumination 
without special features. 

The illumination without special 
features consists merely of throwing 
white light on the falls without at- 
tempting апу spectacular effects. 
On special feature nights the program 
will be as follows: 
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1. There wil be, say, three 
aerial maroons exploded with heavy 
detonations at an elevation of about 
500 feet, throwing out large banks of 
white smoke. As the smoke floats 
away it will be picked up by the gorge 
battery and tinted similar to the 
clouds at sunset. 

2. Reflected aurora-borealis by the 
gorge battery, supplemented by the 
cliff battery; as these rays reach into 
the sky, an ever changing color and 
tints will be reflected in the water and 
will be visible from all points around 
the falls or gorge, and in suitable 
atmospheric conditions the beams of 
the sky would be visible in Buffalo and 
Rochester to such a degree as to excite 
comment. 

3. Play of color over the water and 
cliffs and under the suspension bridge. 

4. Black powder, smoke mine dis- 
charged from mortar at the base of 
gorge in front of the gorge battery. 
As the smoke rises from the gorge it 
will pass through a variety of beautiful 
tints and colors. 

5. Concentration of colors on the 
scintillator head and colers from the 
various steam figures as they are intro- 
duced will be strongly reflected in the 
waters of the gorge, similar to a sunset. 

6. Concentration of white light 
from the gorge battery on to the Ameri- 
can falls, and the concentration of the 
cliff battery on the head waters and 
crest of the American falls. 

7. Concentration of gorge battery 
on the Canadian falls. White light 
projection of cliff battery on head 
waters and crest of the Canadian falls. 

8. Concentration of both batteries 
on to the cave of the winds falls. 
The introduction of colors in compli- 
mentary tints. 

9. Simultaneous bursts of white 
light from subdivided batteries on the 
entire American and Canadian falls. 

10. Gradual introduction of various 
colors in complimentary tints into the 
water, foam, and mist. 

11. Simultaneous discharge of three 
confetti bombs from Goat Island, 
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timed to explode at the height of about 
1000 feet. 

Combined batteries in color concen- 
trated on smoke and floating particles. 

This whole display will last at least 
one hour and can be drawn out longer if 
desirable. The program to be changed 
on different nights, with special features 
in the winter time when the effect will 
be enhanced by the snow and ice 
upon the trees and other objects in the 
surrounding parks. Wonderful effects 
can also be obtained during a snow 
storm, which would be a special attrac- 
tion in itself, The entire proposition 
is to illuminate Niagara in a distinctive 
and dignified manner and on a scale in 
keeping with the surroundings. 

This, I have every reason to believe, 
will be accomplished this year, and in 
place of the people coming here and 
viewing the falls in the day time, it 
will be an attraction which will keep 
them here, not only one day, but for 
several days, and make Niagara Falls 
one of the greatest convention cities 
in this country. 

In closing I wish to extend to you the 
freedom of our city, and assure you 
that I stand ready to do anything in my 
power to make this convention the 
most sucecssful one ever held by the 
American Institute. 


Following out the spirit of the 
amended Constitution, President Shel- 
don then introduced the President- 
elect, Mr. Henry G. Stott, who said: 

PRESIDENT-ELECT Stott: I wish to 
express my deep appreciation of the 
confidence which you have placed in 
me in entrusting the office of president 
of the Institute to me for the ensuing 
year, an honor which I appreciate very 
highly. It is becoming increasingly 
hard, I think, for any man to fill that 
position, because each president seems 
to be just a little bit better than the 
previous one, and sets a standard just 
a little higher than his predecessor. 
However, gentlemen, my great aim 
will be to endeavor to carry out the 
work of the Institute along the same 
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lines upon which it has been so ably 
carried out by Dr. Sheldon and his 
predecessors. 

The position of chairman of the 
Committee on Papers, which I have 
occupied, has perhaps enabled me to see 
one or two points in which we may im- 
prove the work of the Institute slightly. 
For example, I propose to enlarge the 
Committce on Papers, by forming sub- 
committees on various subjects. We 
are limited to five members on the 
Committee on Papers, but I propose 
to have cach member of the committee 
a chairman of a sub-committee. Опе 
of the sub-committees, for which there 
is a great necessity, is a committee on 
railways. The electrification of railways 
is a subject of such vast importance at 
the present time that it will take the 
entire time of one committee to cover 
it. Then we will probably have one of 
the members of the main committee, 
chairman of a sub-committee on light- 
ing, and another chairman of a sub- 
committee on general engineering, and 
by utilizing the members of the main 
committee to be chairmen of sub- 
committees we can in this way enlarge 
our original committee on papers very 
materially. 

I wish to ask your best efforts in 
backing up the new chairman of the 
Papers Committee. Dr. Sheldon has 
very kindly appointed Mr. Регсу Н. 
Thomas, at mv request, as chairman of 
the Papers Committee. This will en- 
able him to get to work at once on the 
papers for the coming vear, and Mr. 
'Thomas is so well known to vou all that 
I feel sure it only requires the mention 
of his name to make sure that vou will 
all give him vour best assistance in pre- 
paring a program of papers for the com- 
ing year Which will be at least com- 
mensurate with that which we have had 
in past vears. 

I thank you again, gentlemen, for 
the great honor you have conferred 
upon me and I trust that I will be able 
to keep the office of president up to 
the standard at which it is placed at 
the present time. 
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The following papers were then pre- 
sented and discussed. 

1. " The Properties of Electrons”. 
President's Address, by Samuel Sheldon 
(There was no discussion on this ad- 
dress.) 

2. '" The Heating of Copper Wires by 
Electrical Current ", by A. E. Kennelly 
and E. R. Shepard. (In the absence of 
the authors this paper was read by title). 


3. '" Power-Factor, Alternating-Cur- 
rent Inductive Capacity, Chemical 
and other Tests of Rubber-covered 
Wires of Different Manufacturers", by 
Henry W. Fisher. This paper was dis- 
cussed by Messrs. C. P. Steinmetz,E. W. 
Stevenson, Henry G. Stott, and Henry 
W. Fisher. 


4. " Interaction of Synchronous Ma- 
chines", by Morgan Brooks. This 
paper was discussed by Messrs. E. J. 
Berg, C. P. Steinmetz, and Morgan 
Brooks. 

The first session of the convention 
ended here, recess being taken for 
luncheon, followed by a trip on the 
gorge trolley road in the afternoon. 


Tuesday Evening, June 25, 1907. 


President Sheldon called the meeting 
to order at 8:15 p.m., and introduced 
Mr. T. Commerford Martin, chairman 
of the Institute Building Fund Com- 
mittee. Mr. Martin then made the 
following remarks: 


T. COMMERFORD ManRrIN. It is an 
old story that I have to present to you — 
the obligations and financial pledges that 
the Institute assumed when it accepted 
from Mr. Andrew Carnegie its share of 
his gift of a million and a half dollars. 

The building stands on land which 
cost $540,000 and electrical engineers 
had, in order to participate in the bene- 
fits of the butlding, to assume one-third 
of that indebtedress, which amounts to 
$180,000. For the last two vears I 
have had the honor and privilege of 
serving the Institute as chairman of its 
Building Fund Committee, and without 
апу intention or desire to exaggerate 
the work which has been accomplished 
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in that period I think I may say it has 
been a gratification and somewhat of a 
surprise to all of us to know that in that 
period, counting in the work which was 
done previously, the Institute has se- 
cured pledges and promises of nearly 
$165,000. President Sheldon at the 
time of the annual meeting of the 
Institute was able to present a report 
stating that subscriptions had reached 
$163,734.00 and that the cash receipts 
at that time, deposited in bank, reached 
the sum of $124,829.00. Up to the 
present time the money has been se- 
cured with a fair amount of effort and 
has come in with decent alacrity, but 
we have pulled in all the slack and it 
seems to me that there will be perhaps 
more difficulty in securing the remaining 
small amount of $21,000 than we had 
in raising the $164,000. 

Up to the present time nearly 1,000 
members of the Institute have con- 
tributed. I am rather proud of that 
record on behalf of the Institute, as I 
believe it represents a larger percentage 
of members subscribing to a fund to 
the common good than has been se- 
cured by any other engineering body in 
this country, or probably throughout 
the world. That is something in itself 
to be proud of; but, gentlemen, it 
leaves 3,000 members and more who 
have not lifted a finger to enable the 
Institute to carry on this work and free 
itself of the financial obligations which 
to-day lie heavily upon it as a bar to 
the full accomplishment of its utilities 
and public service. 

I should like to give you an interest- 
ing little analysis of the subscriptions 
we have received, showing that the 
largest number is that of 376 members 
who have each pledged themselves for 
the sum of $25.00. As that has been 
spread over a period of five years you 
can see that each member has virtually 
agreed to give us $5.00 a year. I do 
not think that even with the smallest 
and most modest salary that can be 
regarded as very much of a tax upon a 
man's income. I think that a man 
gives to himself and to his fellows a 
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pledge of his ambitions and of his 
future when he shows how much he is 
interested in the broader work of the 
Institute as a whole. 


The following papers were then pre- 
sented. 


1. “ Protective Apparatus Engineer- 
ing", by E. E. F. Creighton. 

2. “ Practical Testing of Commercial 
Lightning-Arresters", by Percy H. 
Thomas. 

3. “ Proposed Lightning-Arrester 
Test ", by N. J. Neall. 

These three papers were then dis- 
cussed by Messrs. C. P. Steinmetz, 
E. E. F. Creighton, Percy H. Thomas, 
and W. S. Lee. 

4. ' Inductive Disturbances in Tele- 
phone Lines", by Louis Cohen. (In 
absence of the author this paper was 
read by title.) 


Wednesday Morning, June 26, 1907. 


Calling the meeting to order at 10 
a.m., President Sheldon said: ''The 
official delegates with the officers of 
the Institute will dine together on 
Thursday evening, 6:30 p.m., in the 
small dining room of the International 
Hotel. After dinner there will be an 
informal discussion upon ' Section and 
Branch Affairs and their Relation to 
the Institute.' The following papers 
were then presented. 


1. “ Choke-Coils Versus Extra Insu- 
lation on the End Windings of Trans- 
formers ”, bv S. M. Kintner. 

2. “ Protection of the Internal Insu- 
lation of a Static Transformer Against 
High-Frequency Strains", by Walter S. 
Moody. 

3. " Notes on Transformer Testing ”’, 
by H. W. Tobey. 

These papers were then discussed by 
Messrs. A. H. Pikler, K. C. Randall, 
D. B. Rushmore, P. M. Lincoln, E. J. 
Berg, J. W. Fraser, W. N. Smith, C. W. 
Stone, E. E. F. Creighton, William 
McClellan, Morgan Brooks, W. S. Lee, 
R. P. Jackson, C. P. Steinmetz, Ralph 
D. Mershon, W, L. R, Emmet, О, S, 
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Lyford, Jr., H. W. Buck, S. M. Kintner, 
Walter S. Moody, and H. W. Tobey. 

4. ‘ Transmission Line Towers and 
Economical Spans ”, by D. R. Scholes. 

5. “ Lightning-Rods and Grounded 
Cables as a Means of Protecting Trans- 
mission Lines Against Lightning", by 
Norman Rowe (In the absence of the 
author this paper was read by Mr. 
Ralph D. Mershon.) 

These two papers were then discussed 
by Messrs. William Hoopes, Percy Н. 
Thomas, W. S. Lee, F. B. H. Paine, 
C. W. Ricker, G. T.Fielding, N. J. Neall, 
J. W. Fraser, Ralph D. Mershon, and 
D. R. Scholes. 


Wednesday Afternoon, June 20, 1907. 


While most of the members and 
guests were attending a delightful after- 
noon tea at the Natural Food Company's 
conservatory, 40 members of the In- 
stitute attended a '' rump " meeting in 
the assembly room of the Cataract Hotel 
to discuss high-tension transmission 
matters. In the absence of President 
Sheldon, Mr. Ralph D. Mershon, chair- 
man of the High-tension Transmission 
Committee, presided. 

The following papers were presented. 

1. “А New Type of Insulator for 
High-Tension Transmission Lines”, by 
E. M. Hewlett. 

2. "Some New Methods in High- 
Tension Line Construction ", by H. W. 
Buck. 

These papers were then discussed bv 
Messrs. J. B. Whitehead, Ralph D. 
Mershon, Ralph W. Pope, N J. Neall, 
J. W. Fraser, L. G. Robinson, Percy Н. 
Thomas, F. B. H. Paine, E. N. Hewlett, 
and C. P. Steinmetz. 

3. '" The Transmission Plant of the 
Niagara, Lockport and Ontario Power 
Company ", by Ralph D. Mershon. 

This paper was discussed by Messrs. 
J. W. Fraser, Ralph D. Mershon, N. J. 
Neall, E. J. Berg, F. B. H. Paine, 
W. S. Lee, and L. G. Robinson. 

4. * Location of Broken Insulators 
and Other Transmission Line Troubles”. 
Ьу L. С. Nicholson. 

This paper was discussed by Messrs. 
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J. W. Fraser, Ralph D. Mershon, H. W. 
Buck, L. G. Robinson, F. B. H. Paine, 
E. M. Hewlett, Percy H. Thomas, and 
C. P. Steinmetz. 

By way of discussion, Dr. Steinmetz 
read a paper entitled: ' Notes on Re- 
sistance of Gas-pipe Grounds," by 
Mr. J. L. R. Hayden. The members 
present treated Mr. Hayden’s comments 
aS an original paper and discussed it 
somewhat at length, the following 
members taking part in the discussion: 
Messrs. Ralph D. Mershon, C. P. 
Steinmetz, Percy H. Thomas, N. J. 
Neall, F. B. H. Paine, and E. M. Hewlett. 


' Wednesday Evening, June 26, 1907. 


President Sheldon called the meeting 
to order at 8:20 p.m. Before taking up 
the technical papers and discussions, 
President Sheldon read the following 
telegram from Past-president Arnold: 

“ I had hoped and fully expected to 
be with you to-day, but now regret to 
find it is impossible to go to the con- 
vention. I am with you in spirit, and 
have no doubt the convention will be 
interesting and profitable. 

Bion J. ARNOLD.”’ 

This being a formal session of the 
Institute, the work of the informal 
session during the afternoon was dupli- 
cated and the following papers pre- 
sented. 

1. " The Transmission Plant of the 
Niagara, Lockport and Ontario. Power 
Company ", by Ralph D. Mershon. (In 
the absence of Mr. Mershon the paper 
was presented in abstract by Mr. P. M. 
Lincoln.) 

2. " Location of Broken Insulators 
and Other Transmission Line Troubles”, 
by L. C. Nicholson. 

3. "A New Type of Insulator for 
High-Tension Transmission Lines”, by 
E. M. Hewlett. 

4. “Some New Methods in High- 
Tension Line Construction ", by H. W. 
Buck. 

5. '" Switchboard Practice for Volt- 
ages of 60,000 and Upward”, by 
Stephen Q. Haves. 

These papers were then discussed by 
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Messrs. Р. M. Lincoln, F. В. Н. Paine, 
J. B. Taylor, D. B. Rushmore, E. B. 
Merriam, William McClellan, W. М. 
Smith, S. L. Nicholson, E. M. Hewlett, 
H. W. Buck, and Stephen Q. Hayes. 


Thursday Morning, June 27, 1907. 


President Sheldon called the meeting 
to order at 9:45 a.m. The following 
papers were presented: 


1. " Deflocculated Graphite", by 
E. G. Acheson. Before readingthis paper, 
Mr. Acheson made a number of experi- 
ments illustrating the points brought 
out in the paper and showing the chemi- 
cal and physical properties of this form 
of graphite. The reading of the paper 
was followed by an interesting discus- 
sion by Messrs. D. B. Rushmore, W. L. 
R. Emmet, Carroll Thomas, and E. G. 
Acheson. 

2. “ Single-Phase Versus Three-phase 
Generation for Single-Phase Railways ”, 
by A. H. Armstrong. 

This paper was discussed by Messrs. 
P. M. Lincoln, Henry G. Stott, Vladimir 
Karapetoff, J. B. "Taylor, William 
McClellan, C. P. Steinmetz, and A. H. 
Armstrong. 

3. "The Choice of Frequency for 
Single-Phase Alternating-Current Rail- 
way Motors", by А. Н. Armstrong. 

4. " Twenty-five versus Fifteen Cy- 
cles for Heavy Railway Service," by 
N. W. Storer. 

These two papers were discussed by 
Messrs. H. G. Reist, C. W. Stone, E. J. 
Berg, L. B. Stillwell, W. N. Smith, 
Wiliam McClellan, C. P. Steinmetz, 
Charles F. Scott, Peter Junkersfeld, 
Gano Dunn, Henry С. Stott, А. Н. 
Armstrong, and N. W. Storer. 

Immediately after the close of the 
morning session a photograph of the 
members and guests in attendance at 
the convention was taken on the green- 
sward bordering the rapids west of the 
Cataract Hotel. 


Thursday Afternoon, June 27, 1907 

President Sheldon called the meeting 
to order at 2:30 p.m. The following 
papers were presented: 
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1. ' Commmutating-Pole Direct-Cur- 
rent Railway Motors ", by E. H. Ander- 
son. 

This paper was discussed by Messrs. 
Gano Dunn, J. C. Lincoln, E. H. Ander- 
son, and W. N. Smith. 

2. Report of the Committee on 
“А Code of Ethics”. 

An interesting discussion on this 
report was participated in by Messrs 
Schuyler Skaats Wheeler, William Mc- 
Clellan, Henry G. Stott, Gano Dunn, 
Н. W. Buck, Ralph W. Pope, С. P. 
Steinmetz, C. W. Ricker, C. W. Stone, 
Carroll Thomas, E. H. Schwarz, C. F. 
Scott, W. L. R. Emmet, N. W. Storer, 
and J. M. Knox. 

3. "The Attitude of the Technical 
School Toward the Profession of Elec- 
trical Engineering," by H. H. Norris. 

4. '' The Concentric Method of Teach- 
ing Electrical Engineering," by Vladimir 
Karapetoff. 

These two papers were discussed by 
C. E. Magnusson, F. B. Crocker, Gano 
Dunn, Samuel Sheldon, William Esty, 
C. S. Howlett, G. W. Patterson, Lester 
W. Gill, L. B. Nordstrum, Vladimir 
Karapetoff, C. F. Scott, and H. H. Nor- 
ris. 

5. Standardization Rules. On mo- 
tion of Gano Dunn, duly seconded, the 
convention endorsed and formally 
accepted the revised Standardization 
Rules. 


Thursday Evening, June 27, 1907. 


As noted in the opening paragraph 
of this report, a delightful reception 
and dance under the auspices of the 
local committee was given in the ball- 
roon of the Cataract Hotel. The 
evening was cool, and the floor and 
music so seductive that this most en- 
joyable affair lasted until three o'clock 
Friday morning. 


Section and University Branch Dinner 
and Discussion. 


Much credit is due Mr. Paul Spencer, 
chairman of the Committee on Local 
Organizations, for arranging for the 
informal dinner given by the officers of 
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of the Institute to the Section and 
Branch delegates to the convention. 
on Thursday evening. The dinner was 
held in the private dining room of the 
International Hotel, and covers were 
laid for fifty guests. After dinner there 
was an interesting informal discussion 
of Section and Branch matters by 
Messrs. Sheldon, Spencer, Scott, Stein- 
metz, Esty, Rushmore, Magnusson, 
Berresford, Norris, Stott, and others. 
June 28, 1907. 

President Sheldon called the meeting 
to order at 9:45 a.m. On motion of 
Henry G. Stott, the report of tke Com- 
mittee on a Code of Ethics was, in ac- 
cordance with the revised Constitution, 
referred to the Board of Directors for 
further action. This motion was sec- 
onded by L. B. Stillwell and adopted by 
the Convention. The following papers 
were then presented. 

1. " Regeneration cf Power with 
Single-phase Electric Railway Motors”, 
by William Cooper. 

This paper was discussed by W. I. 
Slichter, L. B. Stillwell, J. C. Lincoln, 
and William Cooper. 

2. “t Fractional Pitch Windings for 
Induction. Motors", by Comfort А 
Adams, W. K. Cabot, and G. Æ. Irving, 
Jr. 

3. “ Zigzag Leakage of Induction 
Motors", by R. E. Hellmund. (In the 
absence of the author the paper was 
read by A. S. McAllister.) 

These two papers were then discussed 
bv Messrs. J. €. Lincoln, B. T. McCorm- 
mick, €. P. Steinmetz, Comfort А. 
Adams, and A. S. McAllister. 

4. “The Vector Diagram of the 
Compensated Single-Phase Alternating- 
Current Motor”, by W. I. Shichter. 
This paper was discussed by Mr. 
Vladimir Karapetoff. 


Friday Morning, 


Friday Afternoon, June 28, 1907, 


President Sheldon called the meeting 
to order at 2:30 p.m. The following 
papers were presented. 

]. “ Track-Circuit Signalling on Elec- 
trified Roads”, by L. F. Howard. This 
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paper was discussed by Messrs. C. F 
Scott, Henry G. Stott, C. A. Perkins, 
and L. F. Howard. 

2. “ Some Power Transmission Econ- 
nomics", by Frank G. Baum. In the 
absence of the author the paper was 
read by title, and then discussed bv 
Messrs. C. P. Stenimetz and F. B. H. 
Paine. 

3. “Single-Phase High-Tension Power 
Transmission", by E. J. Young. In 
the absence of the author the paper 
was read bv title, апа then. discussed 
by Messrs. C. P. Steinmetz апа E. Н. 
Schwarz. This concluded the technical 
papers and discussions. 


As a mark of appreciation of the 
efforts made by the authors, those 
taking part in the discussions, the 
many courtesies extended by the local 
committee, and the local industries, 
the Institute passed the following 
resolutions: 

Henry G. Stott. I move that a 
hearty vote of thanks be accorded to 
the various writers of the papers pre- 
sented at this meeting; to the local 
reception committee for the very excel- 
lent arrangements which have been 
made for this convention and for the 
excellent manner in which they have 
been carried out; and also to the follow- 
ing companies: Bell Telephone Company, 
Cataract. Power and Conduit Company, 
Niagara Falls Power Company, Niagara 
Falls Hydraulic Power and Manufactur- 
ing Company, Westinghouse Electric 
and Manufacturing Company, Ontario 
Power Company, Niagara, Lockport 
and Ontario Power Company, General 
Electric Company, Electric Develop- 
ment Company of Ontario, and the 
Canadian Niagara Power Company. 

The President put the above motion to 
а vote, and it was unanimously carried. 

Hlinry G. Srorr. I also move a 
hearty vote of thanks to our local com- 
mittee of the Institute, especially the 
following, Mr. Barton, Mr. and Mrs, 
Paine, and Mr. and Mrs. Ryerson. I 
think all of us, especially the ladies, 
have appreciated the many efforts that 
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have been made for our entertainment 
and the courtesies shown us, by and in 
behalf of the committee, particularly in 
the privileges which have been extended 
to us to visit the various power com- 
panies which have opened up their 
plants and shown us so many things of 
interest. 

C. F. Scorr. In regard to the local 
committee, it seems especiallv proper 
that we should express our appre- 
ciation for what the local committee 
has done for us here, becaues in a way 
Niagara Falls differs from other places. 
In other places it may be a privilege 
to them to have the Institute hold a 
meeting in their cities, as they do not 
have distinguished bodies convene in 
their cities oftener than once in ten 
years perhaps. In place of this kind, 
where celebrated bodies come every 
week or two, it is somewhat of a task 
on the local people to keep up a welcome, 
but they have done it so heartily and 
cordially this week that they deserve 
our special thanks. 

The President put the motion of Mr. 
Stott, which was unanimously carried. 


The papers presented at this con- 
vention cover approximately 600 
pages of printed matter; the verbal 
discussion as reported by the official 
stenographer covers 319 pages of type- 
written matter, or approximately 250 
additional pages of printed matter. 
In brief, the entire Convention proceed- 
ings will fill a volume equal in size to 
the average bound TRANSACTIONS. 


Bound Volumes 

Having received a number of in- 
quiries verbally and by mail about 
the distribution of the TRANSACTIONS 
for last year, it scems worth while to 
explain somewhat in detail the various 
processes occuring between the receipt 
of a manuscript and its final appear- 
ance in the annual bound volume. 
As far as Institute office routine is 
concerned, there are nolessthan twenty- 
two distinct operations necessary before 
a manuscript illustrated with cuts 
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appears in the PRocEkEpiNGs. All of 
these operations require time, and 
most of them require ability, tact, and 
gumption. When a paper is printed 
in the PROCEEDINGS it bears in the 
upper left-hand corner of the first 
page the announcement: '' Subject to 
final Revision for the TRANSACTIONS.” 
After the PROCEEDINGS is distributed, 
every author receives a separate copy 
of his paper with the request that he 
approve it for final printing in the 
TRANSACTIONS. Having received the 
author’s approved copy, the copy is 
then re-read for possible typographical 
errors; the necessary corrections are 
made, and the pages sent to the 
foundry to be electrotyped. Virtually 
the same routine prevails in regard to 
the discussions on papers. 

As the last meeting for the year occurs 
on the fourth Friday of December, the 
necessary routine compelsthe printing of 
the discussion at the December meeting 
in the second issue of the PRocEEDINGS 
following that meeting. Obviously, 
this condition holds true throughout 
the year. The December discussion, 
then, is usually printed in the February 
PROCEEDINGS. Necessary routine again 
steps in and prevents the electrotyping 
of this discussion until after the version 
in the PROCEEDINGS is sanctioned by 
the authors. This brings us up to 
April first. After the last discussion 
is electrotyped, the printer submits 
page-proofs of all the papers and dis- 
cussions printed during the year, 
usually about 1,000 pages. As these 
papers and discussions are in a chaotic 
state as far as chronological order is 
concerned, there begins the arduous 
task of re-arranging the pages so as to 
have the papers follow in the order of 
the date of presentation, and the dis- 
cussion or discussions—frequently there 
are Section and Branch discussions of 
great value—placed immediately after 
the paper to which they refer. This 
task must be done deliberately and sys- 
tematically. It is now May first. 

Afterallthe pagesare re-numbered and 
the “ running heads ” on the discussions 


18 PROCEEDINGS OF A.I.E.E. 


correctly inserted—in the process of 
re-arranging a discussion to follow a 
paper it is often necessary to transpose 
and recast these heads—the plates are 
returned to the foundry to have the old 
folios removed and new folios inserted. 
To change the folios on 1,000 pages of 
Institute matter takes about two 
weeks' time. 
Page proofs with the new folios are 
then pulled and checked against the 
editor's copy. The printing of the 
TRANSACTIONS is commenced, and the 
printer ordered to put all his avail- 
able presses to work. Obviously again, 
this is a process that requires great 
care and a large time-element; to print 
4,750 copies of a book of 1,000 pages— 
the edition of Volume XXV, for 1906 — 


takes about one month. It is now 
July first. 
Then the index and table of 


contents are compiled, another arduous 
and time-consuming process. While 
this is going on, the binder is at 
work on the papers and discussions. 
To bind and deliver the entire edition 
takes about another month. It is 
now August first. All these volumes 
have to be wrapped, addressed, checked, 
and shipped—all with the ordinary 
office force reduced by the vacation 
season. This takes another six weeks. 
It is now September 15. 

As implied in the editorial comment 
in the June PRocEEDINGS, the work of 
getting out the TRANSACTIONS is done by 
a limited editorial staff during the brief 
intervals between the peak-loads caused 
by the regular monthly and the extra 
Institute meetings held from September 
to the annual convention in June. The 
greatest stress usually comes during the 
so-called vacation season. Fortunately, 
by dint of some ingenuitv, several of 
these various processes can be made to 
overlap; two processes, such as electro- 
tvping one part of the TRANSACTIONS, 
and printing another part can be carried 
on at the same time, thus saving from 
four to six weeks' time, making it 
possible to distribute the volume about 
August 15 instead of September 15. 


It is now June first. 
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The distribution of Volume XXV, for 
1906, will begin about August 15 of 
this vear, 


Associates Elected 
Ata regular meeting of the Board 
of Directors held in the Engineers’ 
Building, 33 West Thirty-ninth street, 
New York, Friday, July 26, 1907, at 
3:30 p. m., the following 229 Associates 
were elected: 


AANONSEN, Hans Epwarp, Designer, 
Niagara, Lockport and Ontario Power 
Co., 517 Fidelity Bldg. ; res., 248 Ash- 
land Ave., Buffalo, М. Y. 

ABBOTT, FRED НАТНАМ АҮ, Electrical 
Engineer, Houghton County Electric 
Light Co., Houghton, Mich. 

ADAMS, LELAND Rose, Local Manager, 
Cumberland Telephone and  Tele- 
graph Co.; res., 105 Orange St., Mon- 
roe, La. 

ALBRIGHT, LANGDEN, Assistant, Engi- 
neering Department, Ontario Power 
Co.; res., 730 W. Ferry St., Buffalo, 
N. Y. 

ALLISON, ARTHUR, Testing Electrician, 
Noves Bros., Dunedin, N. Z. 


ALTON, RarrH Hexry, Construction 
Superintendent, General Electric Co., 
Schenectady, N. Y. 


ANDREW, JOHN Oscar, Chief Operator, 
Southern Power Co., Great Falls, 
S. C. 

BAER, FREDERICK Lvupwic, Installer in 
Chief to Home Telephone Co., Auto- 
matic Electric Co., Oakland, Cal. 


BaLpwin, EDWARD ARTHUR, Electrical 
Engineer, General Electric Co., Schen- 
ectady, М. Y. 


BaLLWeEG, JoHN Haran, Electrician, 
Baker Light & Power Co., Baker 
City, Oregon. 


BARNHOLDT, Hanorp L., Assistant En- 
gineer, Stanley G. I. Electric Mfg. 
Co.; res., 219 Ist St., Pittsfield, Mass. 


Baur, Frep J., Rotary Station Attend- 
ant, Toledo and Indiana Railway Co., 
Holland, O. 
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BEAUREGARD, ARMAND ТоотАМТ, Lab- 
oratory Engineer, Public Service Cor- 
poration of N. J., 102 River St., New- 
ark, N. J. 

BEILSTERN, Louis Epwarp, General 
Manager, Toledo Railways and Light 
Co., Toledo, O. 

BENJAMIN, GEORGE R., Electrical De- 
partment, Western Union Telegraph 
Co., 195 Broadway, New York City. 

BERRY, ALFRED HERBERT, Electrical 
Engineer, Moore Spinning Co.; res., 
419 Lincoln St., Lowell, Mass. 

BINNEY, Hanmorp, Partner, Binney 
Breckenstein and Ogden, 2 Rector 
St.; res, 10 Lexington Ave., New 
York City. 


BoLEN, WALTER ISRAEL, Foreman of 
Construction, General Electric Co., 
Mexico City, Mexico. 


BosrATER, HERBERT LEE, Engineer, 
Western Electric Co., 259 So. Clinton 
St.; res., 2419 W. Huron St., Chicago, 
Ill. 


Bove cu, Canvr Harrison, Engineering 
Apprentice, Westinghouse Electric 
and Mfg. Co., Pittsburg, Pa. 


BOWEN, ABRAM CLERKE, District In- 
spector, New York and New Jersey 
Telephone Co., 25 Market St., Morris- 
town, N. J. 


BRENTON, CHARLES ELMER, Assistant 
to Auditor, Union Electric Light and 
Power Со.; res, 1244 Aubert Ave., 
St. Louis, Mo. 

Brett, GEoRGE EbpwiN, Superintend- 
ent, Electrical Department, Wilkes- 
Barre Gas and Electric Co., 27 М. 
Main St., Wilkes-Barre, Pa. 

Brown, Epwarp Byram, Student, Gen- 
eral Electric Co.; res., 11 Baker St., 
Lynn, Mass. 

Brown, HERBERT C., Engineering De- 


partment, Rocky Mountain Bell Tele- 
phone Co., Salt Lake City, Utah. 


Bru, Epmunp H., Electrical Engineer, 
Cia de Real del Monte y Pachuca, 
Pachuca, Hgo, Mexico. 

Buck, ALFrRep H., Wire Chief, New 
York Telephone Co., 114 W. 89th 
St., New York City. 
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BuCKWELL, THoMas Dovcras, Contract 
Agent, Toledo Railways and Light 
Co.; res., 2508 Maplewood Ave., To- 
ledo, O. 

BuRKHART, Harry E., Electrical Con- 
tractor, 2567 Broadway, Toledo, O. 

BuURNHAM, LocKE Henry, Designing 
Engineer, General Electric Co.; res., 
15 Forest Pl., Pittsfield, Mass. 

CALDWELL, Harry Linp, Inspector, 
North Shore Electric Co.; res., 1661 
Thorn St., Chicago Heights, Ill. 


CHuRCH, MAYNARD D., Kerr Turbine 


Co., 151 Madison St., Wellsville, 
N. Y. 
CLARKE, Epwin Havens, Engineer, 


New York and Pennsylvania Tel. and 
Tel. Co., Syracuse, N. Y. 


CLARKE, FRANK J., Engineer's Inspec- 
tor, Southern Bell Telephone and 
Telegraph Co., Atlanta, Ga. 


CLAvTON, H. F. R., Superintendent, 
Philadelphia Electric Construction 
Co., 914 Filbert St.; res.. 63 N. Millick 
St., Philadelphia, Pa. 


CLEAVELAND, Horace Brooks, Tester, 
General Electric Co.; res., 26 Division 
St., Schenectady, N. Y. 


CLEVENGER, FRED SIEGLE, Supervising 
Foreman of Cable Splicers, New York 
and New Jersey Telephone Co., 
547 Clinton Ave., Brooklyn, N. Y. 


CoLByv, CHARLES EBEN, Assistant Fore- 
man, Motor Testing, Eddy Electric 
Corporation, Windsor, Conn. 

Corr, JAMES E., Chief Electrician, Wire 
Department, City of Boston; res., 64 
Perham St., Boston, Mass. 


CONGDON, FRANK Epwin, District In- 
spector, New York Telephone Co., 18 
Cortlandt St., New York City; res., 3 
Vincent Pl., Montclair, N. J. 


Cox, A. B., Tester, General Electric Co.; 
res., 48 Mall St., Lynn, Mass. 


CrEESE, Myron, Instructor Electrical 
Engineering, Pennsylvania State Col- 
lege, State College, Pa. 

CURRIE, JAMES ELMER, in charge of 
Inside Construction, Dayton Light- 
ing Co., Dayton, O. 
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DagRAH, Harry Le Roy, Telephone 
Engineer, Western Electric Co., 463 
West St., New York City. 

Davison, EpwarRbp FLETCHER, Elec- 
trical Engineer, Rochester Electric 
Motor Co., 284 State St., Rochester, 
N. Y. 

DEAKIN, GERALD, Assistant Engineer, 
Pacific Telephone and Telegraph Co.; 
res., 3040 Washington St., San Fran- 
cisco, Cal. 

DECHANT, HENRY G., Switchboard 
Sales Department, Western Electric 
Co., 463 West St., New York City. 

Deeps, Harry W., Assistant Engineer, 
Pacific Telephone and Telegraph Co., 
San Francisco, Cal. 


DiEMER-HANSEN, JENS Lupvic, Chief 
Electric Engineer, Siam Electricity 
Co., Bankok, Siam. 


Dopps, CHARLES THOMAS, Manager, 
`` Dean Electric Co., 160 So. Mentor 
Ave., Pasadena, Cal. 


Dow, Roy Gay, Inspection Work, West- 
ern Electric Co., 463 West St.; res., 
147 Edgecombe Ave., New York Cit y. 

Du Bors, Актнсв L., Wire Chief, New 
York Telephone Co., 614 E. 150th 
St., New York City; res., Grant wood, 
М. J. 

DuRBiN, VERNON, Telephone Engineer, 
Holtzer Cabot Electne Co., Brook- 
line, Mass. 

DURFEE, CHARLES Gustavus, Foreman 
Electric Meter Department, Roches- 
ter Railways and Light Co., Roches- 
ter, N. Y. 

Epwakps, Invixc W., Engineering As- 
sistant New York and New Jersey 
Telephone Co., 81 Willoughby St., 
Brooklyn, N. Y. 

Етллотт, Lovis, Construction Engineer, 
Central Colorado Power Co., Colorado 
Springs, Colo. 

ExpbkERIss, Horace D., Assistant Man- 
ager, Jandus Electric Co., Philadel- 
phia, Pa. 

FasuBaAUGH, WiLLiAM N., Electreian, 
Western Union Telegraph Co., 195 
Broadway; res., 545 W. 148th St., 
New York City. 
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FELKER, CARL Henry, First Assistant 
Contract Agent, Toledo Railways and 
Light Co., 339 Superior St. Toledo, О 


FELT, JOHN E., Student; res., 3123 De- 
troit Ave., Toledo, O. 


Fick, Oscar ARTHUR, Erecting Engi- 
neer, Westinghouse Electric and Mfg. 
Co., 716 Board of Trade Bldg., Bos- 
ton, Mass. 


FINDLEY, F. HERBERT, Engineering 
Department, Western Electric Co.; 
res., 6731 Parnell Ave., Chicago, Ill. 


FISHBACK, FREDERICK R., Salesman, 
Electric Controller and Supply Co.; 
res., 7617 Linwood Ave., Cleveland, O. 


FRANKENBERG, JOHN THEODORE, Chief 
Engineer, Providence Telephone Co., 
Providence, R. I. 


FREUND, MonRriMER, Laboratorian, 
Yards and Docks Department U. S. 
Navy Yard; res, 116 W. 133d St., 
New York City. 

FRIED, JouN M., Student Cornell Uni- 
versity; res, 109 Summit Ave., 
Ithaca, N. Y. 

GARDETT, HELMUTH CLIFTON, Wiring 
Foreman, Pacific Electric Railway 
Co., 1826 21st St., Bakersfield, Cal. 

GASSAWAY, FREDERICK STEUART, Dis- 
trict Representative, IIelios Mfg. Co., 
Bridesburg, Philadelphia, Pa. 

GiBsoN, Davip Gerrick, Jr., Appren- 
tice, Westinghouse Electric. Mfg. Co., 
Pittsburg, Pa. 

GILCHREST, Francis HARRIE, Assistant 
Superintendent of Installation, West- 
ern Electric Co., 259 South Clinton 
St., Chicago, Ill. 

GLassco, Gorpon Bowpn, Engineering 
Apprentice, Westinghouse Electric 
and Mfg. Co., Pittsburg, Pa. 

Grau, Emit, Electrical Engineer, 1310 
Adams St., Toledo, O. 

GREER, SAMUEL MILLER, Division Con- 
tract Agent, N. Y. & N. J. Telephone 
Co., 81 Willoughby St., Brooklyn, N. Y. 

GRIFFIN, Hancock, Assistant to Man- 
ager Traction Department, General 
Electric Co., 44 Broad St., New York 
City. 
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HALDEMAN, BERTRAND C., Engineer, 
В. and R. Electric and Telephone 
Mfg. Co., 3829 Euclid Ave., Kansas 
City, Mo. 

HaMMOND, Hanorp Orvis, Student, 
Columbia University; res, 203 W. 
109th St., New York City. 

HANSEN, ALFRED FREDERICK, Chief Op- 
erator, Central California Traction 
Co., 327 E. Washington St., Stockton, 
Cal. 

HANSEN, Marvin W., Electrical Con- 
tractor, 2455 Franklin Ave., Toledo, 
Ohio. 

Harmon, JUDSON BiNGHAM, Wire Chief's 
Assistant, New York Telephone Co., 
55 Franklin St., New York City. 

Harris, CHESTER R. R., Supervisor of 
Inspectors, Western Electric Co., 259 
Clinton St.; Chicago, Ill. 

Harvey, Tuomas MIDDLETON, Chief 
Inspector, Southern Bell Telephone 
and Telegraph Co., Columbia, S. C. 

HasTIE, ARTHUR GARFIELD, Appren- 
tice, Westinghouse Electric and Mfg. 
Co.; res., 839 Rebecca Ave., Wilkins- 
burg, Pa. 

Hawkins, Guy Davip, Equipment Man, 
American Telephone and Telegraph 
Co.; res., 809 Spruce St., Philadel- 
phia, Pa. 

HEIZMANN, Lewis JosEPH, Assistant 
Treasurer and Chief Engineer, Penn. 
Hardware Co.; res., 318 N. 5th St., 
Reading, Pa. 

HERSHBERGER, FRANKLIN D., Drafts- 
man, Western Electric Co., 259 So. 
Clinton St., Chicago, Ill. 

HILTBRAND, ROBERT, Estimator, Cin- 
cinnati and Suburban Bell Telephone 
Co., 316 Vine St., Cincinnati, O. 

Hippie, Jonn MERTON, Designing En- 
gineer, Westinghouse Electric and 
Mfg. Co., Pittsburg, Pa. 

Hoac, WILLIAM Harvey, Electrical En- 
gineer, Consumers’ Electric Co.; res., 
1726 Bordeaux St., New Orleans, La. 

HoacLanbd, Henry C., Electrical and 
Mechanical Engineer, Illinois Trac- 
tion System, Decatur, Ill. 

Horr, FRANK JOHN, Sub-station Fore- 
man, Brooklyn Heights R.R. Co; 
res., 346 54th St., Brooklyn, N. Y. 
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Ногсомв, ANDREW DwicuT Chief Oper- 
ator, Postal Telegraph Cable Co., 
Atlanta, Ga. 

Hoover, WILLIAM LESLIE, Professor of 
Electrical Engineering, Tufts College; 
res., Somerville, Mass. 

Horan, PauL, Toledo Railways and 
Light Co., 1223 Mason St., Toledo, O. 

HoxiE, FREDERICK JEROME, Inspector, 
Associated Factory, Mutual Fire In- 
surance Co., Phenix, R. I. 

Ногетт, ReExFrorpD Eanr, Estimating 
Engineer, Western Electric Co., 259 
So. Clinton St., Chicago, Ш. 

HUMBLE, MERCER ALAN, Apprentice, 
Westinghouse Electric and Mfg. Co., 
Pittsburg; res., 815 Franklin Ave., 
Wilkinsburg, Pa. 

Hype, WILLIAM ALBERT, Electrical Ex- 
pert and Draftsman, Bureau of Ord- 
nance, Navy Department, Washing- 
ton,. D. C. 

INBUSCH, WALTER Henry, Engineer, 
Pacific Telephone and Telegraph Co., 
Los Angeles, Cal. 

JENNESS, EDWIN JEWELL, General Fore- 
man, Western Electric Co., 259 So. 
Clinton St.; res., 5752 Madison Ave., 
Chicago, Ш. 

JENNINGS, JAMES T., Electrical Engi- 
neer, Philadelphia and Reading Coal 
and Iron Co., Pottsville, Pa. 

JEWeETT, Epwin Harz, Master Mechan- 
ic, Libbey Glass Co.; res., 326 Stick- 
ney Ave., Toledo, O. 

JOHNSON, JOSEPH ALLEN, Assistant in 
Engineering Department, Ontario 
Power Co., Niagara Falls, N. Y. 

KANMACHER, SAM Houston, Electrical 
Engineer, General Electric Co.; res., 
26 Jay St., Schenectady, N. Y. 

KENDALL, Harry Cove, Electrical En- 
gineer, Westinghouse Electric ага 
Mfg. Co., Pittsbury, Pa. 

KERSHNER, BERTRAM MOoTTER, Assist- 
ant Electrical Engineer, Southern Pa- 
cific Co., 1117 Flood Bldg., San Fran- 
cisco, Cal. 

KILMER, WILLIAM SAUTELLE, lllumi- 
nating Engineer, Bureau of Illumi- 
nating Engineers, 437 5th Ave., New 
York Cit y. 
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KIMBALL, WILLIAM FRANCIS, Assistant 
to F. C. Sargent, Malden Electric Co., 
101 Linden Ave., Malden, Mass. 

Kinc, Moses, JR., Engineer, Western 
Electric Co., 463 West St.; res., 2 W. 
88th St., New York City. 

Layton, Leon DE Рем, Engineer, Cen- 
tral New York T. & T. Co., Syracuse, 
N. Y. 

LEBLonpb, Epmonp J., Engineering De- 
partment, Utah Light and Railway 
Co.; res., 217 So. 2d East, Salt Lake 
City. Utah, 

LEQUESNE, CHARLES AUGUSTUS, JR., 
Assistant Electrical Engineer, New 
York Telephone Co., 15 Dey St., New 
York City. 

LE TouRNEAU, EDWARD HAROLD, Test- 
er, N. Y. C. & H. R. R.R. Co., Port 
Morris Power Station, New York 
City. 

LILLARD, OGDEN WHITTIER, Electrical 
Engineer, Gould Storage Battery Co., 
705 Monadnock Bldg., San Fran- 
cisco, Cal. 

LINCOLN, Harry Foster, General Su- 
perintendent of Construction, Anglo- 
Newfoundland Development Co., 
Grand Falls, Newfoundland. 

LiNpsEv, WiLLiaM Dates, Telephone 
Engineering Department, Western 
Electric Co., 463 West St., New 
York City. 

Lor, Eric Aporr, Electrical Engineer, 
Western Electric Co.; res., 2273 Van 
Buren St., Chicago, lll. 

LoGAN, Kirk HaroLp, Service Ihn- 
‘spector, New York Telephone Со. ; 
res., 316 Argyle Road, Brooklyn, 
N. Y. 

Loc, EBEN WILMER, Erecting Engi- 
neer, Crocker-Wheeler Co., Ampere, 
res., 27 No. I8th St., East Orange, 
N. J. 

Loven, JAMES Perot, Power Plant In- 
spector, New York Telephone Co., 15 
Dey St., New York City; res., New 
Dorp, Staten Island. 

LUNDGREN, Gus, Manager, 
Electric Co., Cherokee, Ia. 

Maass, DANIEL, Apprentice, Westing- 
house Electric and Mfg. Co., Pitts- 
burg, Pa. 
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MacDonaLp, JOHN Ковевт, Motor Op- 
erator, Anconda Copper Mining Co., 
115 E. 4th St., Anaconda, Mont. 

MaLcoLM, GEorGE Hoac, Electrical 
Engineering Department, Otis Ele- 
vator Co.: res., 78 Warburton Ave., 
Yonkers, М. Y. 

MALLETT, GEORGE Oscor, Construction 
Foreman, General Electric Co., Schen- 
ectady, .N Y. 

MARTIN, CHARLES Boynton, Transmis- 
sion Engineer, N. Y.C. & H. R. R.R.; 
res., 220 Lincoln Road, Brooklyn, 
N. Y. 

Martz, JoHN E., Superintendent and 
Manager, Seward Municipal Electric 
Light and Water Works, Seward, Neb 

MAXWELL, WILLIAM ALEXANDER, 
Draftsman, Canadian Bridge Co., 
Ltd., Edmonton, Alberta. Can. 

McAFEE, ALLAN LINDSAY, Student, 
University of Minnesota; res., 552 
Dayton Ave., St. Paul, Minn. 

McCain, PHILIP L., Tester, General Elec- 
tric Co.; res., 2 Eagle St., Schenec- 
tady, N. Y. 

McKenzie, Jonn, Chief Engineer, Blue 
Island Station, North Shore Electric 
Co., 134 Washington St., Chicago, Ill. 

MickLEY, THOMAS BENJAMIN, Assistant 
Supervisor, New York Telephone Co., 
15 Dey St.; res., 153 E. 86th St., New 
York City. 

MILLER, GEORGE J., Electro Chemist, 
Toledo Storage Battery Co.; res., 2419 
Warren St., Toledo, O. 

MiLLER, WILFRED AMRAM, Designer, 
Hadaway Electric Heating and Engi- 
neering Co., 228 West Broadway; 
res., 2] E. 10154 St., New York Cit y. 

MILLIKEN, HUMPHREYS, Operator, New 
York Edison Co., 38th St. and East 
River, New York City. 

MITCHELL, HERMAN C., Engineering De- 
partment, Western Electric Co.; res., 
6210 Princeton Ave., Chicago, Ill. 

MoRGAN, DANIEL, Consulting Electrical 
Engineer, Pittsburg Dredging Co., 604 
Empire Bldg., Pittsburg, Pa. 

MORGANSTERN, RALPH Morris, Mor- 
ganstern, Ochiltree Co., 325 2d 
Ave.; res., 660 Marvland Ave., Pitts- 
burg, Pa. 
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Moss, SANFORD ALEXANDER, Engineer 
Turbine Research Department, Gen- 
eral Electric Co., Lynn, Mass. 

Moyer, JAMES AMBROSE, Engineer, 
Westinghouse, Church, Kerr & Co., 10 
Bridge St., New York City. 

Munro, MapurL Watson, Manager 
Electrical Department, A. & T. Burt, 
Ltd., Dunedin, N. Z. . 

MuRMANN, FREDERICK J., Superinten- 
dent of Meter Department, West- 
chester Lighting Co., Mt. Vernon, 
N. Y. 

Myers, Harry Porter, Foreman of 
Armature Department, F. Bissell Co. ; 
res., 262 Field Ave., Toledo, O. 

NEWBAKER, CHARLES ATWoop, Elec- 
trical Engineer, Sociedad Electrica de 
Arequipa, Ltd., Arequipa, Peru, S. A. 

NEWBURY, FRANK Davies, Engineer, 
Westinghouse Electric and Mfg. Co.; 
res., 512 Kelly Ave., Wilkinsburg, Pa. 

NIGHTINGALE, JOHN MERCER, Assistant 
Section Foreman Testing Depart- 
ment, General Electric Co.; res., 1110 
Union St., Schenectady, N. Y. 

Nims, LesLie WHITE, Assistant to Chief 
of Southern District, Compania Mex- 
icana de la Luz y Fuerza Motriz, 
Mexico D. F., Mex. 

NonRTOoN, LAURENCE CLELAND, Sales- 
man, F. Bissell Co.; res., 11 La Flor- 
ence Flats, Toledo, O. 

O'SHEA, ALEXANDER, Electrical In- 
spector, Government Printing Office, 
Washington, D. С. 

Paice, AusTIN Joun, Telephone Engi- 
neer, Western Electric Co., Chicago, 
Ill. 

PALMER, GEORGE WARE, JR., Electrical 
Engineer, Boston and Northern and 
Old Colony Street Railway Cos., 84 
State St., Boston, Mass. 

PARKER, LAURENCE MELVILLE, Elec- 
trical Worker, Illinois Traction Sys- 
tem; res., Hotel Arion, Peoria, Ill. 

PAvL, EARL WHEELER, Electrical Engi- 
neer, Duquesne Light Co.; res., 219 
Swissvale Ave., Pittsburg, Pa. 

Pop, ALEMBERT Lucion, Travelling 
Engineer and Salesman, Fort Wayne 
Electric Works, 623 Marquette Bldg., 
Chicago, Ill. 
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PooLe, BuRNELL, Engineering Depart- 
tment, New York Telephone Co., 15 
Dey St., New York City; res., 113 Co- 
lumbia Heights, Brooklyn, N. Y. 

PoRSKIEVIES, ANTHONY JOSEPH, Assist- 
ant to Designing Engineer, Crocker- 
Wheeler Co.; res., 379 Sixth Ave,, 
Ampere, N. J. 

PRENDERGAST, HENRY Tuomas, Arc 
Lamp Department, Toledo Railways 
and Light Co.; res., 409 Boston St., 
Toledo, О. 

PuLLEN, Myrick WHITING, Student 
lowa State College, Ames, Iowa; res., 
Onawa, Iowa. 

RAINEY, PauL Милек, Engineer, West- 
ern Electric Co., 463 West St.; res., 
672 Union Ave., New York City. 

RANKIN, WILLIAM AYLMER, Electrical 
Engineer, Champion Copper Co., 
Painesdale, Mich. 

RANNELLS, EpMuND BLAINE, Electrical 
Draughtsman, Edison Illuminating 
Co.; res., 188 State St., Brooklyn, 
N. Y. 


REDEWILL, AucGvusTUS Cass, Tester, 
General Electric Co.; res., 104 Jay 
St., Schenectady, N. Y. 


REEDER, CHARLES LEONARD, Consulting 
Engineer, 919 Equitable Bldg.; res., 
Arundel Apartments, Baltimore, Md. 

Resor, WILLIAM SETH, General Fore- 
man, Construction Department, Chi- 
cago Telephone Co., 986 Washington 
Blvd., Chicago, Ill. 

RICKETTS, JOHN WILLIAM, Superinten- 
dent of Light and Power, Oro Water 
Light and Power Co., Oroville, Cal. 


RoBerts, Davip ALLEN, Partner, Phila- 
delphia Electric Construction Co., 914 
Filbert St., Philadelphia, Pa.; res., 
Moorestown, N. J. 

RoEDDER, Отто C., Consulting Engi- 
neer, 33 Klauprechst, Karlsruhe, Ger. 


Rocers, JOHN H., JR., Engineer and 
General Superintendent, Kansas City 
Home Telephone Co., 1018 Baltimore 
Ave., Kansas City, Mo. 

ROGERS, SAMUEL HENNING, Chief Clerk, 
New York and New Jersey Telephone 
Co., 547 Clinton Ave., Brooklyn, N. Y. 
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Ross, JAMES DUNBAR, Student, Brook- 
Ivn Polytechnic Institute; res., 1263 
Pacific St., Brooklyn, N. Y. 

Котн, Lester, Chief Clerk, American 
Telephone and Telegraph Co., 158 
Adams St., Chicago, IIl. 

Rvcc, Howarp Van, District Engineer, 
Westinghouse Electric and Mfg. Co., 
2011 Market St., Philadelphia, Pa. 

SAUER, Max VEITCH, Assistant to Engi- 
neer, Ontario Power Co., Niagara 
Falls, N. Y. 

SAWYER, ARTHUR RODNEY, Professor of 
Physics and Electrical Engineering, 
Michigan Agricultural College, Agri- 
cultural College, Mich. 

SCHMIDLEY, WILLIAM ROBERT, Foreman 
of Meter Inspectors Union Electric 
Light and Power Co., 1244 Aubert 
St., St. Louis, Mo. 

SCHUMAKER, JOHN STAUBLEY, Acting 
Superintendent Power Stations, Bos- 
ton Elevated Railway Co., 439 Albany 
St., Boston, Mass. 

Scott, WiLLIAM Davin, Equipment En- 
gincer, Bell Telephone Co., 24 Seneca 
St., Buffalo, N. Y. 

SHALDERS, ROBERT JAMES, Mechanical 
Engineer, Societe Anonyme du Gaz de 
Riode Janeiro, Sao Paulo, Brazil, S. A. 

SHARP, }о$ЕРН W., Line Foreman, To- 
ledo Railway and Light Co.; res., 
2224 Whitney Ave., Toledo, O. 

SHEARER, ARTHUR GREGSTONE, Elec- 
trical Superintendent, Newcastle on 
Tyne E. S. Co., Ltd., Carville Power 
Station, Wallsend on Tyne, England. 

SHOEMAKER, RICHARD Woo .sEy, Elec- 
trical Engineer, Federal Lead Co., 
Flat River; res., Farmington, Mo. 

SHREWSBURY, Lewis ALFRED, Chief 
Electrician, El Oro Mining and Rail- 
way Co., Ltd., El Oro, Mexico. 

SIAN, JAMES RITCHIE SPARKMAN, JR., 
Machinery Salesman, Kamiuski Ma- 
chinery Co., Georgetown, 5. С. 

SIMMONS, BENJAMIN FRANKLIN, Super- 
intendent, Holvoke Water Power Co., 
Holyoke, Mass. 

SIMMONS, GEORGE Matruews, Foreman 
Erecting Departmert, Westinghouse 
Electric and Mfg. Co., New York City. 
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SLACK, GEORGE, Engineer, Clark Mon- 
tana Realty Co., Missoula; res., Bon- 
ner, Mont. 

SMITH, CHESTER MARTIN, Engineering, 
Department, Western Electric Co.; 
res., 498 Leland Ave., Chicago, Ill. 

SMITH, CLINTON BESLEY, Electrical Re- 
pairman, Helena Power Transmission 
Co., Helena; res., Hauserlake, Mont. 

SMITH, WILLIAM FERDINAND, General 
Construction Foreman, Pacific Elec- 
tric and Los Angeles Inter Railways, 
Los Angeles, Cal. 

SNIDER, OTHO CARLETON, Vice-presi- 
dent and General Manager, Kansas 
City Home Telephone Co., 1018 Bal- 
timore Ave., Kansas City, Mo. 

SoPER, FRANK CLEMENT, Telephone En- 
gineer, Western Electric Co., 463 
West St., New York City; res., 26 N. 
19th St., East Orange, N. J. 

STACK, MICHAEL Leo, Construction De- 
partment, Consolidated Railway Co.; 
res., 110 De Witt St., New Haven, 
Conn. 

STEARNS, Ray, Designing Engineer, 
General Electric Co.; res., 1007 Nott 
St., Schenectady, N. Y. 

STECKEL, ABRAM PETERS, Engineer, 
Buffalo Smelting Works; res., Uni- 
versity Club, Buffalo, М. Y. 

STEPHENS, ARTHUR PORTER, Chief Elec- 
trician, Dan River Power & Mfg. Co., 
Danville, Va. 

STEPHENS, CHARLES, Arc Lamp Engi- 
neer, Westinghouse Electric and Mfg. 
Co.; res., 1108 Center St., Wilkins- 
burg, Pa. 

STERNBERG, CARL, Student, University 
of Minnesota; res., 99 Nicollet St., 
Minneapolis, Minn. 

STEWART, JAMES A., Superintendent of 
Plant, New York and New Jersey Tel- 
elphone Co., 15 Dey St., New York 
City. 

Stock, WILLIAM ANDREW, Draftsman, 
Western Electric Co.; res., 2834 W. 
Monroe St., Chicago, Ill. 

Strauss, JuLius, Telephone Engineer, 
New York and New Jersey Telephone 
Co.; res., 322 E. 90th St., New York 
City. 
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TAYLOR, PuiriP SHERIDAN, Electrical 
Engineer, Pacific Electric Railway 
Co.; res, 451 South State St., Los 
Angeles, Cal. 


TERRY, JOHN CHARLES, Sales Engineer, 
J. L. Schuteman Co., 70 W. Jackson 
Blvd.; res., 2206 Washington Blvd., 
Chicago, Ill. 


THEOBALD, CHARLES EpwIn, Electrical 
Engineer, Plant Department, New 
York Telephone Co., 15 Dey St., New 
York City. 

Тномрѕом, Forp De Camp., in charge 
of Engineering Inspection, Western 
Electric Co., New York; res., 28 Ver- 
non Ave., Brooklyn, N. Y. 


THOMPSON, GEORGE W., Salesman, West 
inghouse Electric and Mfg. Co.; res., 
Hazleton, Pa. 


TIMMERMAN, Ray, Assistant Engineer 
Meter Department, Telluride Power 
Co., Provo, Utah. 


Titus, WILLIAM ANDREW, Assistant Su- 
perintendent of Installation, Western 
Electric Co.; res., 182 Winthrop Ave., 
Chicago, Ill. 


TookER, Harry C., Foreman Sub-sta- 
tion, N. Y. C & Н. R. R.R.; res., 598 
Bergen Ave., Bronx, N. Y. 


TRAVIS, THURLOW, Electrical Foreman, 
N. Y. C & Н. R. R.R., Port Morris 
Power House, 1424 St. and East 
River, New York City. 

VANDERZANDE, JAN, Electrical Engi- 
neer, United Railroads of San Fran- 
cisco, San Francisco, Cal. 


Van Wyck, WILLIAM Paterson, Chief 
Inspector, Engineering Department, 
М. Y. & N. J. Telephone Co., 26 Cort- 
landt St., New York City. 


VoRuM, ANDREW H., Equipment Engi- 
neer, Western Electric Co.; res., 505 
W. 62d St., Chicago, Ill. 


WAGNER, WILLIAM ALFRED, Engineer, 
Plant Department, New York Tele- 
phone Co.; res., 55 W. 127th St., New 
York City. 


WALKER, JOHN Loomis, Central Office, 
Telephone Equipment Engineer, 
Western Electric Co., Chicago, Ill, 
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WARNER, GEORGE BIDDULPH, Saiesman, 
Westinghouse Electric and Mfg. Co., 
716 Board of Trade Building, Boston, 
Mass. 

WrsT, CHARLES, General Mangager, 
Consolidated Telephone Companies of 
Pennsylvania, Allentown, Pa. 

West, GARNET EvERSLEY, Draughts- 
man, Stanley G. I. Electrical Mfg. Co.; 
res., Woodlawn Inn, Pittsfield, Mass. 

WHITFIELD, GEORGE HILLMAN, Mechan- 
ical and Electrical Engineer, Virginia 
Pass. and Power Co., Richmond, Va. 

WicHuM, Victor, Trafic Department, 
New York Telephone Co., 15 Dey St., 
New York City; res., 241 Covert St., 
Brooklyn, N. Y. 

WILDER, Epwarp Lyman, Engineer, 
Westinghouse Electric and Mfg. Co.; 
res., 312 East End Ave., Pittsburg, Pa 

WILKES, DANIEL ARTHUR, Cable In- 
spector, Potomac Electric Power Co.; 
res., 43 M St. N. W., Washington, D.C 

WILKERSON, FRANK B., Engineering 
Department, Western Electric Co.; 
res., 557 W. 65th St., New York City. 

WILKINSON, WILLIAM BARRETT, Wire 
Chief, Chicago Telephone Co.; res., 
484 W. Adams St., Chicago, Ill. 

WILLIAMS, JOHN SruART, Designing En- 
gineer, Westinghouse Electric and 
Mfg. Co., Pittsburg, Pa, 

WILLISON, CHARLES Dowarp, Electric 
Service Supplies Co.; res., 158 So. 
Leavitt St., Chicago, ПІ. 

WITHERSPOON, THomas Dwicnur, Elec- 
trical Engineer, Toledo Furnace Co.; 
res., 2425 Cherrv St., Toledo, O. 

WorcoTT, VARANAS ARTHUR, Electrical 
Engineer, General Electric Co.; res., 
616 Smith St., Schenectady, N. Y. 

WoopyatTt, JAMES Brain, Engineering 
Apprentice, Canadian Westinghouse 
Co., 14 Duke St., Hamilton, Ont. 


Үосмс, CHARLES WILLIAM, Draughts- 
man, United Railways Co.; res., 1708 
N. Taylor Ave., St. Louis, Mo. 

YovNG, WALTER E., Assistant to Data 
Engineer, Canadian General Electric 
Co., Ltd., 14 King St. East; Toronto, 
Ont. 


Total, 229. 
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Applications for Election 

Applications have been received by 
the Secretary from the following can- 
didates for election to the Institute as 
Associates; these applications will be 
considered by the Board of Directors 
at a future meeting. 

Any Member or Associate objecting 
to the election of any of these candi- 
dates should so inform the Secretary 
before August 23, 1907. 


6561 J.C. Pennie, Montclair, М. J. 
6562 A. E. Seelig, New York Citv. 
6563 F. V. Underwood, Birmingham, 
Ala. 
6564 H. D. Randall, Seattle, Wash. 
6565 H. S. De Lancie, Philadelphia, Pa. 
6566 J. B. Heim, Vallejo, Cal. 
6567 C. T. Bowring, Wilkinsburg, Pa. 
6568 W. L. Johnson, Middleboro, Eng. 
6569 H. D. Symons, Manchester, Eng. 
6570 G. S. Iredell, Austin, Texas. 
6571 А. L. Black, New Orelans, La. 
6572 L. H. Conklin, Connellsville, Pa. 
6573 J.deG. Beaubein, Wilkinsburg Pa. 
6574 Ferdinand Stern, New York City. 
6575 N. P. F. Death, Toronto, Ont. 
6576 E. M. Ashworth, Toronto, Ont. 
6577 Kozo Tada, Kyoto, Japan. 
6578 Thos. Cooper, Philadelphia, Pa. 


6579 C. L. Collins, Niagara Falls, N. Y. 
6580 G. A. Hearn, Napa, Cal. 

6581 C. E. Lucke, New York Cit y. 
6582 F. B. Jones, Salt Lake City, U. 
6583 A. J. Horton, New York City. 
6584 L. B. Magid, Tallulah Lodge, Ga. 
6585 Н. Graftio, St. Petersburg, Russia. 
6586 C. W. Jones, Stamford, Conn. 
6587 J. S. Myers, Atlanta, Ga. 

6588 A. С. Connolly, Mexico, D. Е. 


6589 V. T. Brigham, Lafayette, Ind. 
6590 W. E. Foss, Boston, Mass. 

6591 F. E. Murphy, Wilkinsburg, Pa. 
6592 M. M. Goldenstein, Mil., Wis. 
6593 F. T. Stocking, Toronto, Ont. 
6594 R. E. Robinson, Charleston, S. C. 
6595 F. S. Lewis, Cleveland, Ohio. 
6596 Spencer Jewkes, Launceston, Tas. 
6597 E. L. Jackson, Hammonton, N. J. 
6598 G. F. Leake, Memphis, Tenn. 
6599 Gustak Baldauf, Berlin, Germanv. 
6600 W.R.W Griffin, Canandaugua, N Y 


Application 
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6601 A. J. Marshall, New York City. 
6602 T. W. Denison, New York City. 
6603 T. F. Morris, McKeesport, Pa. 
6604 J. C. Crowell, Altanta, Ga. 

6605 C. A. Davis, New York City. 
6606 H. R. Wilde, Puebla, Mexico. 
6607 E.E.Pendray, Cape Girardeau, Mo. 
6608 J. L. Longino, Norfolk, Va. 
6609 J. F. Carl, Colgate, Cal. 

6610 H. B. Noyes, Omaha, Neb. 

6611 C. M. Bliven, San Francisco. 
6612 Antonio Cosme, Porto Rico. 


6613 L. C. Coller, New York Cit y. 
6614 H. F. Strickland, Toronto, Ont. 
6615 E. F. Bliss, Schenectady, N. Y. 
6616 K. C. Ogden, New York Citv. 
6617 L. S. Nelson, Schenectady, N. Y. 
6618 F. M. Hibben, Cleveland, Ohio. 
6619 T. S. Hemenway, Buffalo, N. Y. 
6620 E. G. Reed, Wilkinsburg, Pa. 
6621 L.St. D. Rovlance, San Fran., Cal. 
6622 H. D. Garretson, Buffalo, N. Y. 
6623 Klas Weman, Buffalo, N. Y. 
6624 E. H. Acton, Wilkinsburg, Pa. 


6625 К. С. Graham, Meeker, Colo. 
6626 C. N. Thorpe, Chicago, Ill. 

6627 Wm. Siebenmorgan, Westfield, N.J. 
6628 E.G. Williams, Weehawken, N. J. 
6629 P. H. Honold, Port Wash., Wis. 
6630 Emil Monon, Schenectady, N. Y. 
6631 H. G. Edwards, Cincinnati, О. 
6632 J. W. Skinkle, Chicago, Ill. 

6633 Isador Kitsée, Philadelphia, Pa. 
6634 Olaf Barge, Kristiania, Norway. 
6635 Leonard Dav, New York City. 
6636 D. G. Ross, Toronto, Ont. 

6637 D. S. Wegg, Jr., Provo, Utah. 
6638 H. J. Cooper, Weston, Mass. 
6639 George Handlong, New York City. 
6640 Isaac Levinson, New York City. 


Total 80. 


for Transfer 


Recommended for transfer by the 
Board of Examiners, June 7, 1907. 
Any objection to this transfer should 
be filed at once with the Secretary. 


J. H. Kuinck, commercial engineer, 
Westinghouse Electric and Mfg. Co., 
Pittsburg, Pa. 
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Personal 
Mr. Louis T. GRANT has severed his 
connection with Grant and Co. Ltd., 
of Manila, P. I., and assumed the prac- 
tice of consulting engineer. 


Mr. Simon B. STORER, formerly with 
the Niagara, Lockport and Ontario 
Power Company, has opened an office 
at Syracuse, М. Y., as a consulting 
engineer. 


MR. CHARLES P. MERRILL has left 
the employ of the United States Signal 
Corps, and is now associated with the 
Dean Electric Company, Elyria, Ohio, 
in the cable department. 


Mr. W. C. SHarp has resigned from 
the New York Edison Company and 
accepted the appointment of superin- 
tendent of the Des Moines Edison Light 
Company, Des Moines, Iowa. 


Mr. Р.С. TEN Eyck, former treasurer 
of the Federal Railway Signal Company, 
has been elected vice president of the 
company, with change of quarters from 
Troy, to Albany, New York. 


Mr. FREDERICK P. Fisu has resigned 
the presidency of the American Tele- 
graph and Telephone Company, and 
resumes the practice of the law with his 
old firm, at Boston and New York. 


Mr. WirLiAM M. Joy has left the 
Trinidad Electric Company, Ltd., and 
is at present engaged in work connected 
with the consolidation of the lighting 
and railway properties at San Juan, P.R. 


Мв. Евер T. Craig has finished the 
construction of the Sultepec Light and 
Power Company's plant, and left Tema- 
scaltepec, July 1, to accept a position 
with the Federal Engineering Company. 
of Mexico. 


Mr. Евер. M. ТЕСЕ, Jr. is now 
general manager of the Brush Electric 
Light and Power Company of Galveston 
Texas, instead of the Allis Chalmers 
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Company, as reported in the May Pro- 
ceedings. 


Мв. C. А. Морс, formerly with the 
Electric Dynamic Company of New 
York City, is now connected with the 
railway engineering department of the 
General Electric Company at Schenec- 
tady, N. Y. 


Mr. E. Н. Коре, formerly with the 
Kellogg Switchboard and Supply Co., 
of Chicago, has accepted an appoint- 
ment as superintendent with the Chan- 
delier and Art Brass Works, of Rich- 


mond, Ind. 


Мк. G. W. Brown has resigned from 
the Westinghouse Electric and Manu- 
facturing Company, to accept a position 
with the Lexington Railway Company, 
of Lexington, Kentucky, as master 
mechanic. 


Mr. Н. LEVaque WIL ts, formerly 
contract agent for the Georgia Railway 
and Electric Company of Atlanta, is 
now engaged with the Savannah Light- 
ing Company, as general manager, at 
Savannah, Ga. 


Mr. C. J. KIEFER is now connected 
with The Reliance Engineering Com- 
pany, consulting electrical and me- 
chanical engineers, Cincinnati, O., whose 
specialty is the building of interurban 
traction roads. 


Mr. Н. M. BEUGLER has resigned 
from the employ of Ford, Bacon and 
Davis, as superintendent of railways, 
and is now with Dodge and Day, Drexel 
building, Philadelphia, as general super- 
intendent of construction. 


Mr. F. E. WurirNEv has resigned his 
position as master mechanic of the 
West Penn. Railway Company, Con- 
nellsville, Pa., to accept appointment 
as assistant general manager of the 
same company at Philadelphia. 
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Mr. J. N. САрвү received the degree 
of Electrical Engineer from the Uni- 
versity of Wisconsin, on the presenta- 
tion of a thesis entitled, ' The Design, 
Construction, Operation, and Test of a 
Railway and Lighting Sub-station.” 

Mr. I. К. EpMaNps, formerly elec- 
trical engineer for the Union Carbide 
Company, and superintendent of its 
plant at Sault Ste. Marie, Michigan, 
now has his headquarters at 157 Michi- 
gan Avenue, Chicago, as works manager 
for the same company. 


Мк. R. H. Henperson, formerly 
assistart superintendent of the Newark 
Works of the Westinghouse Electric 
and Mfg. Co., has been appointed super- 
intendent of the Bloomfield works, of 
the Westinghouse Lamp Co., at Bloom- 
field, N. ]. 

Mr. W. А. EKBERG, has left the H. W. 
johns-Manville Company, to engage in 
business for himself as manufacturer's 
agent materials, and as 
Pacific Coast representative for several 
eastern manufacturers of 
apparatus. 


of electrical 
electrical 


Mr. FRANK WENNER, instructor in 
physics in the University of Pennsyl- 
vania for the past ten years, is now 
first assistant in the section of re- 
sistances and electromotive forces of 
the National Bureau of Standards, 
Washington, D. C. 


Mr. InviNG W. РниларЅ, for the past 
eighteen months assistant to the super- 
intendent of the North Mountain Power 
Company of Eureka, California, has 
been promoted to superintendent of 
power plant, at Junction City, Trinity 
Count y, California. 


Mr. Lynne W. Epbpv, member of the 
1907 E. E. class of the Universitv of 
Minnesota, has removed to 1677 Ogden 
Avenue, Chicago, lll, to accept a 
position in the students' course of the 
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Western Electric Co., in its power ap- 
paratus shops at Hawthorne, Illinois. 


Мк. C. W. JonwNsow, for the past 
three years general superintendent of 
the shops of Allis-Chalmers-Bullock, 
Ltd., at Montreal, has left that com- 
pany, and is now attached to the 
works staff of the Westinghouse Elec- 
tric and Mfg. Company, at Pittsburg, 
Pa. 


Mr. Francis J. CHESTERMAN has left 


the engineering department of the 
American Telephone and Telegraph 
Company of Boston, Massachusetts, 


and has entered the engineering depart- 
ment of the New York Telephone 
Company, 15 Dey Street, New York 
City. M 


Мк. JoSEPH P. MANYPENNY, of Phila- 
delphia, formerlv connected with the 
Keystone Electrical Instrument Com- 
pany, is now with the Philadelphia 
Electric Construction Company, 914 
Filbert Street, Philadelphia, as repre- 
sentative of this company for its many 
agencies. 


Mr. WiLLIAM. D. Marks, Ph. B.C.E. 
having after eighteen months in the 
service of the Corporation Counsel of 
New York City been continued in 
oflice as a principal expert in gas and 
electricity for New York City, has re- 
moved his offices to 623 Park Row 
building, New York City. 


Mn. P. A. Mossay, formerly in the 
engineering department of the British 
Westinghouse Electric and Mfg. Co., 
has been obliged on account of ill 
health to leave Manchester, and is now 
chief engineer for the Nordeutsche 
Maschines und Armaturen-Fabrik Com- 
pany at Bremen, Germany. 


Mr. Henry J. BLAKESLEE, is at 
present in the employ of the City of 
Syracuse as superintendent of Bureau 
of Gas and Llectricity; a position re- 
sulting from a recent state law known 
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as the Hammond Bill, which went into 
effect July 1. His address is Room 111 
Court House, Syracuse, N. Y. 


Mn. C. Orro vou DANNENBERG has 
left Columbia University, Washington, 
D. C. to accept appointment as elec- 
trician-in-charge in department of con- 
struction and repair, Pensacola navy 
yard, The position was obtained 
after a competitive examination held 
at the New York navy yard. 


Mr. E. C. Bacor, for five years chief 
electrician of the Great Northern Power 
Company of Duluth, Minnesota, having 
had charge of the design and installation 
of its entire plant and apparatus, will, 
after his vacation, be associated with 
the Bibb Power Company, of Macon, 
Georgia, as chief electrician and design- 
ing engineer. 


Mr. B. N. Jones, of the Otis Elevator 
Company, who had charge of the 
company's new manufacturing plant as 
constructing engineer, during its erec- 
tion at Buffalo, N.Y., has been ap- 
pointed assistant general superintendent 
of the manufacturing and constructing 
department of the company, with head- 
quarters at 17 Battery Place, New 
York City. | 


Mr. Harry F. RgvNorps, who has 
for the past six years been engaged in 
electrical engineering throughout the 
middle west, with offices at Marion and 
Indianapolis, Ind., has disposed of his 
interests in that locality. He has 
opened an office at 656 Empire Building, 
Seattle, Washington, and will engage in 
engineering and contracting on the 
Pacific Coast. 


Mr. WILHELM Baum, who has been 
engaged for three and a half years with 
the engineering department of the 
General Electric Company, at its 
Pittsfield works, (formerly Stanley- 
G. I. Electric Mfg. Co.) in the design 
of generator, and alternating motors, 
has been transferred to the Schenectady 
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works to take up general commercial 
engineering. 


Mr. C. К. Pratt, former associate 
with Mr. Frank J. Sprague, in the 
Sprague-Pratt electric elevator, also 
with the Otis Elevator Co., and the 
Marine Engine and Machine Co., has 
removed to 1123 Broadway, where he 
continues his practice as consulting engi- 
neer on electric elevator work. Не is 
at present designing a line of high-speed 
electrjc traction elevators. 


Mr. Актник J. FARNSWORTH has 
recently accepted a position with the 
Stone and Webster Engineering Cor- 
poration as superintendent of construc- 
tion on extensive additions to the plant 
of the Jacksonville Electric Company of 
Jacksonville, Florida. Mr. Farnsworth 
will have charge of the local office of 
the company, and expects to remain in 
the south for at least six months during 
the progress of this work. 


Мк. WiLLiAM E. MITCHELL, formerly 
with the Sao Paulo Tramway Light 
and Power Company, has accepted a 
position as electrical engineer of the 
Bahia Tramway, Light and Power 
Company, of Bahia, Brazil, which has 
taken over the old Siemens and Halske 
electric tramway, and is completely 
renovating and extending this system. 
A new power house of 1050 kw. capacity 
is being erected. It is a unique plant 
for South America, in that the prime 
movers are Crossley four-cylinder, 500 
h.p. gas engines, direct-connected to 
Dick-Kerr 350 generators. 


Books Received 
The following volumes have been re- 
ceived from the McGraw Publishing 

Company and placed in the Library of 

the Institute: 

ELECTRIC STREET Raitways. A de- 
scription of the generation, trans- 
mission and utilization of electric 
currents in connection with electric 
street railways. By Edwin J. Hous- 
ton and A. E. Kennelly. Second 
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373 pages, 162 illustra- 
tions. New York, McGraw Pub- 
lishing Co. Price, $1 net. 

Chapter I.—Introduction. II.—Early 

History of the Electric Railway. III.— 

Elementary Electric Principles. IV.— 

The Motor. V.—Cars and Car Trucks. 

VI.—Electric Lighting and Hea.ing of 

Cars. VII.—Controllers and Switches. 

VIII.— Trolleys. IX.— Trolley Line Con- 

struction. X.—Track Construction. 

XI.—Electrolysis. XII.—Switchboards 

XIII.—Generators and Power-houses. 

XIV.—Operation and Maintenance. 

XV.—Storage-battery System. XVI.— 

Electric Locomotives. XVII.—High 

Speed Railway Service. 


edition. 


PRACTICAL ErEecTRIC RaiLway HAND- 
BOOK. Engineering facts, figures 
and dimensions for electric rail- 
ways. By Albert B. Herr-k. Hand- 
somely bound in leather. Second 
edition, enlarged. 460 pages, 329 
illustrations. New York, McGraw 
Publishing Co. Price, $3 net. 

Section I.—General Tables. Section 

II.—Testing. Section III.—The Track. 

Section IV.—The Station. Section V.— 

The Line. Section VI.—The Car-house. 

Section VII.—The Repair Shop. Sec- 

tion VIII.—The Equipment. Section 

IX.—The Operation. 


A GRAPHICAL TREATMENT OF THE IN- 
DUCTION Motor. By Alexander 
Heyland. ‘Translated from the 
second edition by G. H. Rowe and 
R. E. Hellmund. The object of 
this book is to explain the use of 
the circle diagram, which the au- 
thor has found ettective in the test- 
ing room for comparing the calcu- 
lated values with results obtained 
from tests, thus showing at a glance 
the commercial excellence and 
main properties of a motor. Cloth, 
50 pages, 28 diagrams. New York, 
McGraw Publishing Co. Price, $1 
net. 

ConTENTS.—Introduction.—General 

Theory—Diagrams of the Induction Mo- 
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tor; Current, Field and Circle— Deter- 
mination of Input, etc., from Diagram; 
Friction and Iron Losses, Copper Losses, 
Electrical Input, Torque, Output, Slip, 


. Etficiency— Practical Application of the 


Diagram—Examples; 2, 7 and 12 h.p. 
Motors—Induction Motor as Generator 
—Single-phase Motor.” 


THe InpuctTIoN Motor; Its THEORY 
AND DrEsiGN. Set forth by a prac- 
tical method of calculation. By 
Henri Boy de la Tour. Translated 
from the French by С. О. Mailloux. 
Second edition, corrected. 200 
pages, 75 illustrations. New York, 
McGraw Publishing Co. Price, 
$2.50 net. 

This work is intended to elucidate the 
theory of the Induction Motor, and to 
facilitate its design by a practical 
method of calculation which is at once 
simple, ingenious and effective. The 
object of the book is stated by the au- 
thor in his preface as follows: '' We 
have wished to come to the assistance 
of those who have not had occasion to 
take special courses, and who, owing to 
the lack of sufficiently extended knowl- 
edge, have not derived very much profit 
from all that has appeared in the scien- 
tiic papers. We have, therefore, en- 
deavored to give a complete study of 
the Induction Motor, and to explain at 
length, all the peculiarities of its opera- 
tion, while remaining within the bounds 
of elementary mathematics." The book 
will be useful to all who desire informa- 
tion regarding the peculiarities of the 
Induction Motor, especially those who 
desire to study the effect of changes or 
modifications in design and proportions 
on the performance of the Induction 
Motor and its adaptability to different 
purposes. The work will be especially 
valuable to the designer who is looking 
for relatively simple rules and methods, 
whereby the modifications in design and 
in details necessary to meet certain re- 
quirements may be predetermined. 


(To be continued.) 
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Name and when Organized. 
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Chicago................. 1893 
Cincinnati......... Dec. 17, '02 
Columbus......... Dec. 20, '03 
Ithaca............ Oct. 15, '02 
Minnesota Apr. 7, '02 
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C. P. Matthews. 
W. P. Graham 
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S. W. Price. 

J. W. Esterline. 
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Engineering Statesmen 


HE theory that lawyers only are 
suitable material for high political 
offices is slowly crumbling, and there 
has been a tendency to suggest financiers 
or business men in order to get better 
results. 

The engineer has been overlooked, 
upon the supposition that he is a mere 
specialist, in fact a “hired man." 
Yet engineers are entering upon high 
administrative and executive duties, 
and have the valuable faculty of doing 
things, and usually avoiding scandalous 
methods. In his address at the dedica- 
tion of the Engineers' Building. printed 
- in full in the April issue of the Proceed- 
ings, President Hadley made a strong 
plea in the direction of public duty on 
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the part of the engineer. He stated 
that ''there are three professions to- 
day which do not regard themselves 
as servants, but masters—the financier, 
the journalist, and the politician.” 
This address of President Hadley is 
worthy of serious consideration by every 
engineer, and it should be not only read, 
but put into practice. President Shel- 
don also touched upon a similiar line 
of thought when he pointed out the 
thorough manner in which engineers 
plan for the future. Perhaps no 
better example of this is apparent to- 
day than the vast engineering project 
of the Pennsylvania Railroad, which 
combines tunneling under a part of New 
Jersey, the Hudson River, Manhattan, 
the East River and a portion of Long 
Island. For many years the executive 
management of this great corporation 
has been in the hands of engineers who 
have continued to receive strong finan- 
cial support in their gigantic plans. 


Written Discussion 


EMBERS should continually keep 

in mind their privilege of contri- 
buting written discussions on papers 
presented at any meeting of the Insti- 
tute, and printed in the PROCEEDINGS. 
It has been found practically impossible 
to print papers for general distribution 
in advance, and in most cases the best 
that can be done is to have them 
available at the meetings. Distant 
members who are interested in any 
paper announced for presentation mav 
obtain copies by applying to the oftice. 
Written discussion on such papers if 
mailed within a month, and found to be 
acceptable, may be incorporated in the 
PRocEEDINGS. The membership now 
extends throughout the world, and it 
is impossible for any committee or 
individual to invite a discussion 
from all engineers who have had ex- 
perience in the particular branch of 
work to which a paper pertains. The 
membership should appreciate the great 
amount of work which is being con- 
stantly done by committees at consider- 
able personal sacrifice, and wherever 
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possible should supplement this work 
by individual effort for the general good 
of the profession. Engineering prac- 
tice varies in different parts of the 
world, and emergencies frequently arise 
which call for the exercise of ingenuity 
to meet unusual conditions. A record 
of methods adopted may thus become 
of general interest and its publication 
wil redound to the credit of the 
originator. 


References 


UFFICIENT care is not exercised in 

the matter of references either by 
candidates for election or for transfer, or 
by the members referred to. Members 
occasionally affix their signatures to 
an application blank, upon the request 
of a mutual friend, and a little later 
` when the usual inquiry-form is received 
from the secretary, reply that the 
applicant is unknown to them, and 
that there must be some mistake. 
The signature proves that the applica- 
tion was endorsed by request, and that 
the incident was probably forgotten. 
If proper inquiry were made at the time, 
the circumstances would in most cases 
be so fixed in the mind that the refer- 
ence could make a suitable reply. 
Applicants are also frequently careless 
in the selection of references. In one 
case a well-known scientist and professor 
who was referred to was much cha- 
grined because he could not recall the 
applicant's identity. Upon investiga- 
tion itappeared that the applicant had 
listened to a lecture by the professor. 
An applicant for transfer who could 
give but three out of the five references 
required, suggested that the other two 
might be selected from the member- 
ship at large. Proper care should be 
exercised in the selection of qualified 
references, as applications for election or 
transfer are delaved in many instances 
because it appears to be impossible to 
elicit suitable information. Careful 
reading of the instructions printed on 
the forms would obviate many of the 
difficulties which arise їп connection 
with elections and transfers. 
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VOLUME XXV covering the year 

1906 is now being distributed. Much 
difficulty has been avoided in foreign 
shipments by its weight having been 
brought within the postal limit of four 
pounds and six ounces. Owing to 
occasional local charges at distant 
points it has been impossible to make 
complete prepayment in all cases, which 
has given rise to complaints that 
could not be provided against. Ship- 
ment by express to foreign countries 
is imperative where the weight of the 
volume exceeds the postal limit, and 
the duties and sundry petty charges 
cannot always be determined in ad- 
vance. Volumes for members in the 
United States will this year be shipped 
in bulk to cities and the larger towns 
and there distributed by local messen- 
gers, who will obtain and return receipts 
signed by the person to whom the 
package is delivered. It is believed 
that this system of delivery will be 
cheaper and more satisfactory than any 
vet tried. If any charge is made for 
delivery, the fact should be reported to 
the secretary immediately. 


HE Founders’ agreement requires 

that the Institute shall pay off its 
indebtedness of $180,000 in twenty in- 
stallments of $9000 each, with interest 
upon the unpaid balance at the annual 
rate of four per cent. beginning July 
1, 1906. Two annual installments 
having been previously paid, the Board 
of Directors at its meeting July 26, 1907 
voted to make an advance payment 
of $36,000 which has since been done. 
The balance of the Land, Building and 
Endowment Fund on deposit August 1, 
after drawing this check was $53,402.60. 
At the meeting of the Board of Di- 
rectors August 30, 1907, another pay- 
ment of $45,000 was authorized, which 
will anticipate all installments actually 
required by the agreement up to 1916. 


HE next New York meeting of the 

Institute will be held in the Audi- 

torium, Engineers' Building, on Friday, 
October 11, at 8.15 p.m. 
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Committee on Local Or- 
ganizations--Annual Re- 
port Submitted to the 
Board of Directors, May 
21, 1907 
The Committee on Local Organiza- 

tions would submit the following report 

on. the Branch situation and of the work 
of the committee during the last year. 

There are at present a total of 33 
Local Organizations included under the 
head of Branches, University Branches, 
and Student Meetings. Of these, 17 
are organized in connection with edu- 
cational institutions, reaching the stu- 
dent membership; the remaining 16 
are located in cities as centers of elec- 
trical interest for the Members and 
Associates in their territory. There 
have been but few additions or changes 
during the year in the above number 
of Local Organizations. The Univer- 
sity Branch at the University of 
Illinois, having the number of Mem- 
bers and Associates required by the 
By-laws, has, by action of the Board 
of Directors, been made a Branch. 

Student Meetings have also, by the 
approval of the board, been organized 
as follows: 

University of Maine, December 26, 
1906. 

Montana Agricultural College, March 
29, 1907. 

The question of the adoption of a 
student pin and the design for such a 
pin were submitted to the Board of 
Directors and approved. These pins are 
now in the process of manufacture and 
will be available at the beginning of the 
next term for students desiring them. 

At the beginning of the year there 
seemed to be a lack of definite under- 
standing as to the publication in the 
PRocEeEDINGS of original papers pre- 
sented at the Branches. А conference 
on the matter was held with the Edit- 
ing Committee, as а result of which it 
was decided to publish meritorious 
papers read before the Branches, and 
announcement to that effect was made 
in the December PROCEEDINGS. 

Your committee feels that a reference 
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should be made to the help afforded 
by the Branches in obtaining a vote 
for the revised Constitution. The co- 
operation of the Branches was enlisted 
for this purpose and a direct appeal 
to vote was made by the managers of 
the different local organizations to 
their membership. If a large enough 
vote is obtained on the Constitution 
for decisive action, considerable credit, 
we feel, should be given to the Branches. 
The Institute should also make note of 
the value of such organizations as a 
means of reaching a scattered mem- 
bership. | 

The work done by the Branches 
themselves in the holding of engineer- 
ing meetings and in the presentation 
and discussions of papers has un- 
doubtedly been more successful this 
year than ever before. The following 
table of statistics will show, to some 
extent, the activities in this direction 
during the year: 


Penn. State College.. 
Univ. of Arkansas... 12 30 
Univ. of Colorado.... — — 
Univ. of Michigan... — — 
Univ. of Missouri.... 10 20 
Washington Univ.... 3 8 


No. of 

meetings Average No. of 

since attend- original 

Sept. 06. ance. papers. 
Аапѓа............. — == — 
Baltimore........... 7 45 7 
Воѕіоп............ 7 117 6 
Сһ:ісаво............. 5 95 5 
Cincinnati. ......... 5 20 4 
Columbus........... 7 15 1 
Minnesota. ........- 10 40 12 
Pittsburg........ 1 73 4 
Pittsfield..........- 6 27 3 
Philadelphia. ....... 7 73 12 
San Francisco....... | — — — 
Schenectady........ 28 275 18 
Seattle.......... ees 5 17 3 
St. Louis.. .... e.s... 7 25 5 
Тогопїо............ 3 28 — 
Washington, D. C... 4 44 — 
Cornell University... 8 130 4 
Iowa State College... 13 25 10 
Lehigh University... 8 40 20 
Purdue University... 12 100 7 
Syracuse University. 12 20 9 
Univ. of Wisconsin.. 6 60 5 
Univ. of Illinois..... 8 62 2 
Worcester Poly. Inst. 1 46 11 
Armour Institute.... 9 30 — 
Ohio State Univ..... 1 18 == 
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It is evident from the above table 
that the Branches are carrying out the 
work which was the idea of their founda- 
tion. They have practically all been 
in existence for three or four years; the 
first flush of enthusiasm that may have 
existed at their formation has had time 
to cool; the leaders who were responsi- 
ble for the starting of a Branch have, 
in most cases, passed on the work to 
other hands; and the fact that the work 
continues to flourish and the interest 
remains unabated, shows that the 
Branch movement has passed a forma- 
tive period and has settled down to a 
working basis. 

It is noticeable from the table that 
the meetings have been held with regu- 
larity and that the attendance has 
been large. The average attendance 
in percentage of the available mem- 
bership will compare very favorably 
with that of the New York meetings. 
It is also noticeable that more attention 
has been given to the presentation of 
original matter and less to the con- 
sideration of the New York papers than 
in former vears. 

The committee has been much im- 
pressed with the activity of the Univer- 
sity Branches and Student Meetings. 
Their work differs essentially from 
that of the regular Braches in that it 
is largely educational. Their function 
istoassist in the development of younger 
men and to bring them into touch 
with the Institute at the threshold of 
their careers. How well they are doing 
this work and the importance of en- 
couraging it can be estimated from 
the number of young men who are be- 
ing reached in this way. The statistics 
speak for themselves. 

Cornell shows an average attendance 
at its meetings of 130 with a maximum 
of 225; Purdue, an average of 100. a 
maximum of 265; Wisconsin, average 
60, maximum 175. 

In fact, virtually all of the University 
Branches show that the Students of the 
Institute are taking an active interest 
in the work. The following quotation 
from a letter received from Professor 
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Esty of Lehigh University expresses 
very well the репега1 situation at these 
organizations: 


Our year just closing has been the most suc- 
cessful in our history. I regard the social feature 
of our monthly meetings as a most important ele- 
ment in stimulating interest. We are training our 
students to become active and useful future mem- 
bers of the Institute. Local organizations of this 
kind certainly pay enormous dividends on the 
investment. 


Letters were sent to the Branches 
asking for an expression of opinion 
as to the year’s work and as to 
future prospects. In answer to the 
question; '' Has the current year been 
successful and shown a healthful in- 
crease in interest and activity?" the 
reply has almost invariably been an 
emphatic '' Yes." Judging from the 
reasons given in these replies, this suc- 
cess has been due to the following 
causes and in about the order of im- 
portance as stated: 

1. To an enthusiastic and hard work- 
ing set of men at the head of the 
Branch. 

2. To the consideration of original 
papers of local interest instead of a 
rehash of the New York papers. 

3. To the increased recognition of 
the Branches by the Institute. 

4. To the development of a certain 
amount of social features. 

The replies to the question: ‘What 
is most needed to further the interest 
of the Local Organizations?” have 
shown a remarkable unanimity. Some 
sav that a larger appropriation. from 
the Institute funds is required to permit 
an expansion of the work, the hiring 
of better meeting quarters, and an in- 
crease of social features. Practically 
all are united in saving that there is 
needed a greater coöperation between 
the Branches and the Institute. АП 
believe that occasional visits to the 
Branches by officers and prominent 
members of the Institute would increase 
the enthusiasm of the Branches them- 
selves and would strengthen the bond 
between them and the Institute. 

The above digest of the replies of 
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the Branches to these two important 
questions which are in effect: ‘' How 
has success been attained in the past?” 
and " How can it be continued and 
increased in the future?" would seem 
to indicate that there is necessarily 
a development along two lines: 

l. In order that the work done by 
the Branches can be of any value 
at all either to themselves or to 
the Institute, they must be en- 
couraged to develop as strong local 
societies. 

2. In order that these local centers 
may be part and parcel of the In- 
stitute and may add strength rather 
than weakness to it, there must at 
the same time be developed a spirit of 
unity and coóperation between these 
scattered and distant organizations and 
the main body of the Institute. 

The first line of development is 
largely in the hands of the Branches 
themselves; they must justify their ex- 
istence by their results. The clauses 
in reference to the local organizations 
in the revised Constitution are very 
broad in their features and will permit 
any Branch to work along the lines 
best suited to its locality. The follow- 
ing would seem to be some of the con- 
ditions bearing on the possibility of 
local success: 

There should first of all be a large 
enough membership in the territory 
properly belonging to a Branch to en- 
able the work to be carried on without 
its being necessary to depend on two 
or three enthusiasts. The present By- 
laws require ten Members and Associ- 
ates as the minimum number for the 
formation of a Branch. This number 
we believe to be too low and wou'd rec- 
ommend that it be increased to at 
least twenty-five. This, of course, 
does not apply to University Branches 
or Student Meetings. Their formation 
should, in the future, as heretofore, 
be encouraged in any institution of 
recognized standing. 

Branches should take their work 
seriously, and should organize with offi- 
cers and committees chosen with that 
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end in view. It is particularly important 
that officers for the ensuing year should 
be selected before the summer vacation, 
so that thev may be ready to take hold 
vigorously with the opening of the work 
in the autumn. 

As definite a program as possible 
should be laid out early in the year. 
It may be more or less tentative and 
changed as the year progresses, but 
a plan to work by will both lessen the: 
burden of the work and insure more 
interesting meetings. 

Younger men should be encouraged 
to take a prominent part, so that they 
can be fitted to become officers of the 
Branches, bringing in new ideas and re- 
lieving those who have been carrying 
on the work. 

The consideration of original papers 
will be found necessary in order to 
keep up the interest. 

Social features and visits of promi- 
nent engineers will also add very much 
to the interest of the work, but are 
largely a matter of expense. 

The expense question is always a 
difficult one to handle. The funds of 
the Institute are limited, and on ac- 
count of the number of Branches it is 
difficult to appropriate for each Branch 
a sum sufficiently large to satisfy all of 
its requirements. The necessary ex- 
penses for engineering meetings, such 
as the rent for a hall, the cost of sending 
out notices, and of a stenographer at 
the meetings, should be met from the 
Institute funds. To a certain extent 
we believe it would be wise for the Insti- 
tute to bear the expense in connection 
with visiting engineers. The expense 
of social features should be paid out 
of local funds and not charged against 
the Institute. | | Е 

In order to strengthen the bond of 
unity and cooperation between the 
Branches and the Institute, there 
should certainly be continued the liberal 
attitude which has been shown by the 
¿ dministration this year. The publica- 
tion of meritorious Branch papers in 
the PRockEDiNGs will help along these 
lines. The larger publicity to Branch 
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affairs which has been given in this 
year's PRocEEDINGS has undoubtedly 
been of great assistance in strengthen- 
ing the Branch work. The Branches 
can be further made to feel that thev 
аге an integral part of the Institute, 
if they are asked to assist, as far as 
possible, in the work of the Institute. 
They should be represented on com- 
mittees, and with due regard to the 
possibility of assembling a working 
quorum they should be represented 
on the Board of Directors. Personal 
visits to the Branches on the part of 
officers and prominent members would 
be most helpful in bringing about this 
feeling of coóperation. 

In conclusion we would bring to the 
attention of the Institute at large, and 
especialy to any members who may 
have any doubts as to the wisdom of 
encouraging the Branch work, the 
fact that this work can be no longer 
considered as in an experimental or 
temporary stage. The wisdom of start- 
ing the Branch movement is no longer 
а proper question for debate: the 
Branches are here with an immense 
possibility for useful work. It is not 
conceivable that this work started in 
the broadest spirit of the greatest 
good to the entire membership of the 
Institute can be allowed to languish 
through a lack of appreciation of its pos- 
sibilities or through a lack of coopera- 
tion either on the part of the Branches 
themselves or on the part of the main 
body of the Institute. 

For the Committee on Local Organi- 
zations. 

PauL SPENCER, Chairman. 


Sections and University 
Branches 


TOLEDO SECTION 


The regular monthly meeting of 
Toledo Section, was held August 2, 
1907, at the Boody House. The secre- 
tary, Geo. E. Kirk, presided owing to 
absence of the chairman. 

After transacting routine business, 
Dr. Lee DeForest was introduced. 
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The address given by Dr. DeForest 
was most clear and entertaining, accom- 
panied by sketches on the blackboard. 
The sensitiveness of the arc to electric 
waves, and the adaptation of this 
scheme to space or wireless signaling 
was outlined, followed bv references to 
coherer, polanphone, and other instru- 
ments for similar purposes, including 
the audion. 

The general circuits. were explained, 
and the methods of tuning, which mav 
be such as to permit quite a number of 
stations in overlapping fields without 
interference, The advantages of the 
wireless telephone over the wireless tele- 
graph, were compared as the wire tele- 
phone to that of wire telegraph. 

On invitation of Dr. DeForest, 
after the meeting the members were 
given an opportunity to visit the 
wireless telephone station in the Ohio 
Building, Toledo, where receiving and 
transmitting was conducted by those 
present with a station some two blocks 
distant in the Nicholas Building. Be- 
sides conversing, a phonograph rendered 
several selections from the Nicholas 
station, showing the transmission to 
be most accurate. These stations are 
to be used in developing the wireless 
telephone on the great lakes. 

The Section adjourned to meet the 
first Friday in September. 


Associates Elected 


At a regular meeting of the Board 
of Directors held in the Engineers’ 
Building, 33 West Thirty-ninth street, 
New York, Friday, August 30, 1907. 
at 3:30 p.m., the following 55 Asso- 
ciates were elected: 


ADAMS, ARTHUR L., Malden Electric 
Co.; res., 70 Linden Ave., Malden, 
Mass. | 

BaRFOED, буЕхр, Draftsman, F. С. 
Baum & Co., 1406 Chronicle Bldg., 
San Francisco, Cal. 

BIEGLER, PHILIP SHERIDAN, Instructor 
in Electrical Engineering, State Uni- 
versity of Iowa, Iowa City, Iowa. 
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CALKINS, GEORGE HERBERT, Manager, 
General Electric Co., 681 Ellicott 
Square, Buffalo, N. Y. 

CLIFFORD, CHARLES SHED, Agent, Gen- 
eral Electric Co., 681 Ellicott Square; 
res., 331 Franklin St., Buffalo, N. Y. 

Cox HERBERT FREDERICK, Mechanical 
Electrical Engineer, U. S. Govern- 
ment, Ft. Bavard, New Mexico. 


CRABBS, Lovis Craig, Salesman, F. 
Bissell Co.; res., 1631 Peoria St., 
Toledo, O. 


DAVENPORT, FREDERICK ST. JOHN, Elec- 
trician, Atlanta Telephone and Tele- 
graph Co.; res. 75 Edgewood Ave., 
Atlanta, Ga. 

Davis, }О$ЕРН LeEConTE, Designing 
Engineer, Westinghouse Electric and 
Mfg. Co.; res., 4924 Centre Ave., 
Pittsburg, Pa. | 

ELKEN, ARTHUR, Electrician, Mexican 
Light and Power Co., Mexico D. F., 
Mex. 

EMERY, WILLIAM LORENzO, Foreman, 
Meter Department, Utah Light and 
Railway Co., 830 Emeril Ave., Salt 
Lake City, Utah. 

FAIRLEY, GEORGE EDWARD ALBERT, 
Penniman and Fairley, 416 Marine 

Bank Bldg., Baltimore, Md. 

FrLovp, WILLIAM Harris, За, Assistant 


in Standard & Research Laboratory, , 


Telluride Power Co., Provo, Utah. 

FOoRAKER, Burcu, Assistant to Super- 
intendent of Construction, New York 
Telephone Co.; res., 122 W. 94th St., 
New York City. 

FROEHLICH, FRED HERMAN, Consulting 
Engineer, 944 Ohio Bldg.; res., 12 W. 
Delaware Ave., Toledo, O. 

GoopwiN, Victor EaRnr, Electrician, 
General Electric Co., Schenectady, 
N. Y. 

GRANT, RuporPH REDELL, Chief In- 
spector, Electrical Inspection De-part 
ment, City of Norfolk, Norfolk, Va. 

HarL, Freperic Davis, Chief Electri- 
cian, Boston and Main Railroad, 152 
Causeway St., Boston; res., Somer- 
ville, Mass. 

HaLL, Harry SINCLAIR, Station Fore- 
man, Mexican Light and Power Co., 
Necaxa, Puebla, Mexico. 
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HARRINGTON, ALLAN COLLINS, Resident 
Engineer, Buffalo Lockport and 
Rochester Railway Co., Albion, N. Y. 

Hersey, FRED WALTER, Chief Drafts- 
man, Brush Electrical Enzineering 
Co., 6 Charnwood Road, Loughbor- 
ough, England. 

HuTCHINSON, ADELBERT ANSON, Engi- 
neer of Construction, Potomac Elec- 
tric Power Co.; res, 1975 Biltmore 
St. N. W., Washington, D. C. 

Hutton, WiLLis A., Sales Engineer, 
General Electric Co.; res., 118 E. 23d 
St., Erie, Pa. 

JONES, ARTHUR JAMES, Asst. to Super- 
intendent, Niagara Falls Power Co.; 
res., 3 Lochiel Apartment, Niagara 
Falls, N. Y. 

KirT, FREDERICK THEODORE, Foreman 
of Sub-station, Sacramento Electric 
Gas and Railway Co., 431 21st St., 
Sacramento, Cal. 

Levurey, Louis Francis, Electrical En- 
gineer, Sanderson and Porter, 4149 
Canal St., New Orleans, La. 

LLoyp, Miro CriNTON, Electrical Ma- 
chinery Salesman, F. Bissell Co.; res., 
419 14th St., Toledo, O. 

LoizEAUX, ALFRED SAMUEL, First As- 
sistant Electrical Engineer, New York 
Edison Co., 55 Duane St., New York 
City. 

McBrip_E, Lewis MITCHELL, Electrical 
Engineer and Superintendent, Car- 
starphen Electric Co., 20 W. Colfax 
Ave., Denver, Colo. 


McELWEE, GEORGE JOHNSTONE, Sub- 
station and Test Room Electrician, 
Municipal Council's Electric Supply 
Department; res., 73 Cameron St., 
Launceston, Tasmania. 


McGEACHIN, WILLIAM RANKIN, Engi- 
neer, Manila Electric Railroad and 
Light Co., Manila, P. I. 


MILLARD, ALFRED Levi, Salesman, 
Westinghouse Electric and Mfg. Co., 
171 LaSalle St., Chicago; res., Park 
Ridge, Ill. 

MILLS, FREDERICK SHANNON, Traveling 
Representative, Westinghouse Elec- 
tric and Mfg. Co., 1230 7th Ave., San 
Francisco, Cal. 
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MonNvNIHAN, ROBERT EDMUND, Assist- 
ant Engineer, Power House Section, 
British Westinghouse Electric and 
Mfg. Co., Westinghouse Works, Traf- 
ford Park, Manchester, England. 

Noyes, JOHN Draper, Engineer, Erec- 
tion Department, Westinghouse Elec- 
tric and Mfg. Co., 60 Alexandrine St., 
East, Detroit, Mich. 

PARRINGTON, CHARLES LASCELLES, Man- 
ager, Steuart & Fenn, Ltd., Dunedin, 
New Zealand. 

PETERS, ALFRED STANLEY, Engineer, 
Rocky Mountain Bell Telephone Co., 
Salt Lake City, Utah. 

PETTIT, InviNG C., Instructor, Experi- 
mental Electrical Engineering, Cor- 
nell University; res., 804 E. Seneca 
St., Ithaca, N. Y. 

RaiNEY, Louis THomas, Manager, Power 
and Mining Department, General 
Electric Co., Cincinnati, O. 

RAUSCHENBERG, OscAR CALDWELL, En- 
gineers' Inspector, Southern Bell Tele- 
phone and Telegraph Co., 133 So. 
Moreland Ave., Atlanta, Ga. 

RHETT, EpMUND Moore, Electrical En- 
gineer, Central of Georgia Railway 
Co., Savannah, Ga. 

SAKUMA, CHARLES GoncirRo, Chief En- 
gineer, Mino Electric Railway and 
Fuji Hydraulic Power Plant, No 12 
Ichibanchi, Naitocho, Yotsuyaku, 
Tokvo, Japan. 

SATTERLEE, JOHN Pavr, Electrical En- 
gineer and Superintendent of Con- 
struction, J. G. White and Co., Gales 
Ferry, Conn. 

SMALL, FRED FurrTow, Chief Draftsman, 
Pacific Electric and Los Angeles In- 
terurban Railway Co., Los Angeles, 
Cal. 

SOMMER, KARL Ernest, District Engi- 
neer, Westinghouse Electric and Mfg. 
Co.; res., 1630 N. Calvert St., Balti- 
more, Md 

SOTHMAN, PETER WILLIAM, Chief Engi- 
neer, Hydro Electric Power Commis- 
sion of Ontario, Continental Life 
Bldg., Toronto, Ont. 

STULL, EMMETT W., Engineer, Railway 
way Department, Bullock Electric 
Mtg. Co., Cincinnati, O. 
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SUMMERHAYES, HENRY RoswELL, As- 
sistant Engineer, Foreign Department 
General Electric Co., Schenectady, 
М.Ү. 

TiPLADy, JOHN T., Foreman, Westing- 
house Electric and Mfg. Co., Pitts- 
burg; res., 396 Center St., Wilkins- 
burg, Pa. 

Van ЮЕМАЕК, Номлкр MONTAGUE, 
Telephone Engineer, Western Elec- 
tric Co., New York; res., 126 Colum- 
bia Heights, Brooklyn, N. Y. 

WARD, BaLtpwin D., Electrical Fore- 
man, Fort Worth Light and Power 
Co., 1001 Rusk St., Fort Worth, Tex. 

Way, Ногвоүр FiTzwiLLIAM, 2d Engi- 
neer, Dunedin City Corporation, Elec- 
trc Power Department, Waipori 
Falls, Dunedin, Otago, N. Z. 

WESLEY, JOSEPH JOHN, Member of Firm, 
Metropolitan Switchboard Co., 540 
W. 22d St., New York City. 

WESsTMAN, Aporr, Electrical Drafts- 
man, General Electric Co.; res., 514 
Summit Ave., Schenectady, N. Y. 

WICKENDEN, WILLIAM ELGIN, Instruc- 
tor, Electrical Engineering, Univer- 
sity of Wisconsin, Madison, Wis. 

The following Associate was trans- 
ferred to the grade of Member: 


RoBERT JuLIAN Scott, Professor of 
Engineering and Electricity, New 
Zealand University, Christchurch, 
N. Z. 


Applications for Election 

Applications have been received by 
the Secretary from the following can- 
didates for election to the Institute as 
Associates; these applications will be 
considered by the Board of Directors 
at a future meeting. 

Any Member or Associate objecting 
to the election of any of these candi- 
dates should so inform the Secretary 
before September 27, 1907. 

6641 J. C. Elberson, Philadelphia, Pa. 
6642 W. G. Rogers, Philadelphia, Pa. 
6643 T. R. Taltavall, New York City. 
6644 John Gilmartin, Toledo, Ohio. 
6645 J. E. Kearns, Schenectady, N. Y. 
6646 W, P. Phillips, Bridgeport, Conn. 


1907] 


6647 С. К. Houston, Birmingham, Ala. 
6648 G. B. Roberts, St. Josephs, Mo. 
6649 J. F. Morgan, Hazelton, Pa. 
6650 A. F. Harger, Hazelton, Pa. 
6551 H. H. Heaton, Hauser Lake, Mont 
6652 C. W. Sirch, Los Angeles Cal. 
6653 Jerome Carty, New York City. 
6654 T. W. Gardner, Nashville, Tenn. 
6655 E. T. Mahood, St. Louis, Mo. 
6656 F. R. Phillips, Mansfield, Ohio. 
6657 Cornelius Thompson, Toledo, O. 
6658 A. B. Fuller, Brooklyn, N. Y. 
6659 C. N. Thomas, Providence, R. I. 
6660 R. N. Thomas, Minoa, N. Y. 
6661 J. R. Wilson, Havana, Cuba. 
6662 J. R. Burriss, Anderson, S. C. 
6663 G. H. Cadwell, Mexico City, Mex. 
6664 Alvin Fox, Chicago, Ill. 

6665 А. B. Mann, Cincinnati, О. 

6666 L. L. Smith, Madison, Wis. 
6667 A.S. Andrews, Bangalore, S. India 
6668 J. G. DeRemer, Berkeley, Cal. 
6669 G. R. Jenkins, Mexico City, Mex. 
6670 J. R. McFarlin, Keokuk, Iowa. 
6671 H. G. Fenton, Mexico City, Mex. 
6672 G. L. Preacher, Augusta, Ga. 
6673 W. T. Peck, Schenectady, N. Y. 
6674 P. H. Burns, Nassau, Bahamas. 
6675 G. A. Joffe, E. Pittsburg, Pa. 
6676 W. Н. Harriss, Atlanta, Са. 
6677 M. J. Laurencena, Buenos Aires. 
6678 N. C. Mills, Schenectady, N. Y. 
6679 H. J. S. Heather, Johannesburg. 
6680 А. R. Clark, Birmingham, Ala. 
6681 G. H. Bolus, Mansfield, Ohio. 
6682 J. R. W. Gardam, Sidney, N.S. W. 
6683 A. E. Lundell, Chicago, Ill. 


Total, 43. 


Applications for Transfer 


Recommended for transfer by the 
Board of Examiners, August 16, 1907. 
Any objection to these transfers should 
be filed at once with the Secretary. 

Epson OLIVER SESSIONS, western sales 
engineer, Stanley-G. I. Electric Mfg. 
Co., Chicago, Ill. 

FRANK RICHARDS Forp, consulting 
engineer, 24 Broad Street, New York 
City. 

CHARLES HOLLAND Мовіт2, 
superintendent Niagara 


General 
Works, 
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Aluminum Co. of America, Niagara 
Falls, N. Y. 

REUBEN InviNc WRIGHT, engineer, The 
Electric Controller & Supply Co., 
Cleveland, Ohio. 

Davip HALL, assistant chief engineer, 
The Bullock Electric Mfg. Co., 
4816 Ash St., Station H., Cincinnati, 
Ohio. 


Personal 
Мв. H. McCurLLoucH has accepted 
a position as electrical engineer for the 
Pittsburgh and Montana Copper Com- 
pany, of Butte, Montana. 


Мк. W. Т. Taytor has left Mex- 
ico on a short business trip to England, 
and during his absence Mr. George 
Greenwood will act as his substitute. 


Mr. Geo. W. Broome has left the 
main works of the General Electric 
Company, to do installation work on 
the road from the Philadelphia office. 


Mr. Harry J. Wo rr, lately mining 
engineer to Camp Bird, Ltd., has 
accepted the position of superintendent 
and engineer of the Stanley Mines Com- 
pany, Idaho Springs, Colorado. 


Mr. J. B. KENNEDY, having left the 
Cutler-Hammer Mfg. Company, is now 
engaged in the chief engineer’s office of 
the Department of Water Supply, Gas 
and Electricity, New York City. 


Mr. Max FREIMARK has been for 
some time absent in Germany, where he 
found opportunity for a study of the 
telephone art there, especially in Ba- 
varia. He returned to this country 
July 24. 6 


Мк. Н. S. RvsH has left the testing 
department of the General Electric Com- 
panv, Schenectady, М. Y., and is now 
in the inspection department of the 
North Shore Electric Company, at 
Evanston, Ill. 
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Mr. Н. A. SrANLEY, formerly con- 
struction foreman with the Stanley-G. I. 
Electric Mfg. Company of Pittsfield, 
Mass., is now engaged in construction 
work with the General Electric Com- 
pany, Schenectady, N. Y. 


Mr. B. Н. BENDHEIM is at present as- 
sociated with F. E. Newbery and Com- 
pany, electrical engineers and contract- 
ors of St. Louis, with the expectation of 
being placed in charge of one of their 
western offices 1n the near future. 


MR. J. FRANKLIN SHOEMAKER has 
given up his position as electrical engi- 
neer with the Gisholt Machine Company, 
of Madison, Wisconsin, to accept that 
of master mechanic with the Warren 
Springer Company, of Chicago, Ill. 


Mr. P. L. McCain, of the General 
Electric Company, has been transferred 
from its testing department at Schenec- 
tady, to the position of erecting engi- 
neer, with headquarters at Philadelphia. 
He is at present located in North Caro- 
lina. ` 


Мк. BRODER G. son BERGMAN now 
has a position as electrical engineer 
with Elektriska Prufungs Anstalten, 
Stockholm, electrical consulting, engi- 
neering, and testing firm. His spec- 
ialtv in that position is electrical rail- 
roading. 


Mr. Н. F. Darsy, Jr., formerly in 
charge of the Cutter Company's Pitts- 
burg district, has recently opened an 
office at 1613 Chemical building, St. 
Louis, Mo., to take care of the sales of 
I-T-E circuit breakers in the south and 
southwest. 

— M 


MR. ALLEN G. Jones has been trans- 
ferred from the Lvnn works of the Gen- 
eral Electric Company to the commer- 
cial transformer department at Schenec- 
tadv, in view of being sent out on sim- 
ilar work to one of the district othces 
of the companv. 
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Mr. LEE Н. Kipper has left the con- 
struction department of the Westing- 
house Electric and Manufacturing Co., 
and is now employed by the Pitts- 
burgh and Butler Street Railway, 
and the Butler Passenger Railway 
companies, at Butler, Penn. 


Mr. C. F. ApnaMs, after several 
years service with the Stanley-G. I. 
Electric Mfg. Company of Pittsfield, 
as superintendent of construction, is 
now located in San Francisco, with the 
engineering department of the Cali- 
fornia Gas and Electric Corporation. 


Mr. W. М. N. EcriNTON has been 
transferred from the forces of Messrs. 
W. К. Grace and Co., to take charge 
as chief constructing engineer and 
administrator of the Compania Elec- 
trica de Concepcion, with headquarters 
at Concepcion, Chili, South America. 


Mr. Jin TACHIHARA has been trans- 
ferred from Tokyo to Kobe, Japan, to 
take charge of the electrical department 
of the Mitsu Bishi dockyard and engine 
works there, which has been lately en- 
larged to meet the demands of the com- 
pany as well as those of the general 
public. 


Mn. F. A. МсСАктү, formerly of the 
Westinghouse Construction Depart- 
ment, has resigned from Noves Bros., 
and has started in business on his own 
account at 31 Queen Street, Melbourne, 
Australia. Mr. McCarty is represent- 
ing anumber of American, English, and 
Continental firms. 


Mr. C. W. Humpurey, formerly 
consulting engineer for the Denver Gas 
and Electric Company, and subse- 
quently consulting engineer and mana- 
ger for the Northern Colorado Power 
Company, has opened an office as con- 
sulting and designing engineer, in The 
Rookery, Chicago. 


Mr. D. MARTIGNONE, electrical super- 
intendent for the East St. Louis and 
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Suburban Railway, of East St. Louis, 
Illinois, has resigned his position in the 
above company, to resume his connec- 
tion with the construction department 
of the General Electric Company, at 
Schenectady, N. Y. 


Mr. E. M. TiNGLEY is at present in the 
country for the purpose of improving 
his health, having an indefinite leave of 
absence from the engineering depart- 
ment of the Westinghouse Electric and 
Mfg. Company, of Pittsburgh, Pa., 
with which he has been connected for 
about fourteen years. 


Mr. L. Н. Haynes, who has been 
with Westinghouse, Church, Kerr and 
Company on the electrification of the 
Rochester division of the Erie Railroad, 
from the commencement to the com- 
pletion of this work, has left that com- 
pany. His present address is 3214 
Vernon Ave., Chicago, Ill. | 


Mr. THEODORE I. Jones has lately 
been appointed sales department man- 
ager of the United Electric Light and 
Power Company of New York City, to 
take full charge of that branch of the 
business, including all contracts cover- 
ing electric light, power, heat, and sign 
work, and all advertising. 


Mr. Curis J. WALBRAN, JR., formerly 
in the New York offices of F. A. C. 
Perrine, consulting engineer, and at 
present in charge of the Summit County 
Power Company development at Dillon, 
Colo., has been appointed manager of a 
new branch office in Denver, Colo., at 
252 the Equitable Building. 


Mr. Mitton P. GaLLvP has located 
in Providence, R. IL, having returned 
to the East from San Francisco, where 
he had been connected with the Pacific 
Telephone and Telegraph Company, 
in the engineering department. He is 
now associated with the engineering 
department of the Providence Tele- 
phone Company. 
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Mr. E. J. Cook has been appointed 
general manager of the Rochester Rail- 
way Company, Rochester, N. Y. Mr. 
Cook is a graduate of Stevens Institute 
of Technology, and has been chief en- 
gineer of the Consolidated Street Rail- 
way properties in Cleveland, Ohic, since 
1903. He is also a member of the Am-- 
erican Society of Mechanical Engineers. 


Mn. О. Н. ENsiGN, consulting engi- 
neer for the U. S. Reclamation Service, 
with working title of chief electrician 
and mechanical engineer, at Los An- 
geles, California, has lately accepted 
the offer of professorship of electrical 
engineering at the Wisconsin State Uni- 
versity, Madison, while still retaining 
his position with the reclamation service. 


Mr. JoHN СОРЕЕЕ Hays, having re- 
signed his position as assistant engineer 
with L. B. Stillwell, goes to California 
to accept the position of president and 
consulting electrical engineer of the Mt. 
Whitney Power Company, and presi- 
dent of the Visalia Electric Railroad. 
Mr. Hays will also do general consulting 
work, in making reports and examina- 
tions of water power and railroad plants. 


Mn. C. J. SPENCER, recently technical 
writer in the publication department of 
the Westinghouse Electric and Mfg. 
Co., at Pittsburg, is now editor of the 
Electrical Age, 45 East 42d Street, New 
York City, beginning with the August 
number. This appointment is in line 
with the policy of the Electrical Age 
Company in making the predominant 
feature of the paper engineering articles 
by engineers. 


Mr. E. W. McCurinric, who was for- 
merly with the Lackawanna Light Com- 
pany, of Scranton, Pa., and who at the 
time the companies of Scranton were 
absorbed by the American Gas and Elec- 
tric Company, under the name of Scran- 
ton Electric Company, was transferred 
to that office for a while, has now been 
transferred to the main office of the 
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American Gas and Electric Company, 
in Philadelphia. 


Mr. Horace B. Gare, who has been 
identified with the Submarine Signal 
Company of Boston for several years, 
has been appointed chief engineer for 
the Simplex Electric Heating Company, 
of Cambridge. In making this change, 
Mr. Gale returns to the position that he 
held ten years ago in the days of the 
small beginning of the electric heating 
business, which 15 now in a rapidly 
growing condition. 


Mr. ODDGEIR STEPHENSON has re- 
signed the position he has held tor three 
years with the Wagner Electric Mfg. 
Company, to take up a year's special 
work in electrical engineering in the 
University of Illinois, where he has ac- 
cepted an appointment as assistant in 
electrical engineering. Mr. Stephenson 
expects to be identified to a consider- 
able degree with the Institute work at 
the local Section. 


Mr. Guy K. Mircugrr, who for the 
past five years has been connected with 
the distribution department of the 
Consolidated Gas, Electric. Light, and 
Power Company, of Baltimore, has 
resigned, and has associated himself 
with the Crook-Horner Company of 
Baltimore, as superintendent, engineer 
of the electrical construction depart- 
ment, and is now engaged in installing 
motor drives for industrial plants, also 
underground cable work. 


Mr. James B. Ѕсотт, consulting engi- 
neer, and a member of the American 
Society of Mechanical. Engineers, has 
removed to his new offices, 203-206 
Maryland Savings Bank Building, Bal- 
timore, where he 1s associated with Mr 
Daniel B. Banks, for manv vears chief 
engineer United Railways and Electric 
Company of Baltimore, and with Mr. 
F. W. Kevser, C. E.. University of 
Christiana; Doctor of Technology, Uni- 
versity of Berlin; Member Norwegian 
Society Engineers and Architects; spe- 
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cialist in the design of reinforced con- 
crete structures. 


Messrs. T. L. MiıLLER апа WirsoN, 
consulting engineers, of 18 Westminster 
Chambers, 1 Crosshall Street, Liverpool, 
and 19 Brazenose Street, Manchester, 
have taken into partnership Mr. Henry 
Villiers Pegg, A. M. Inst. C. E., and 
have opened an ofħce at 47-48 Scottish 
Temperance Insurance Buildings, Don- 
egal Square, Belfast, and will in future 
practise under the style of T. L. Miller, 
Wilson, and Pegg. The partnership 
existing between Messrs. Thos. L. Miller 
and Adrian Collins, practising in London 
at 61 Old Broad Street, under the style 
of Miller and Collins, has been termin- 
ated by mutual consent, as from the 
3151 July, 1907. 


Books Received 


The following volumes have keen re- 
ceived from the McGraw Publishing 
Company and placed in the Library of 
the Institute: 


AMERICAN TELEPHONE PRACTICE А 
comprehensive treatise, including 
descriptions of apparatus, line con- 
struction, exchange operation, etc. 


By Kempster B. Miller. Fourth 
edition entirely rewritten and 
greatly extended. 904 pages, 643 
illustrations. New York, McGraw 


Publishing Co. Price, $4 net. 

Chapter I.—History and Principles 
of the Magneto Telephone. II.—His- 
tory and Principles of the Variable Re- 
sistance Transmitter. — III.—Electro- 
magnetic and Electrostatic Induction. 
IV.—The Telephone Receiver. V.—The 
Carbon Transmitter. |. VI.—Induction. 
Coils for Local Battery Telephones. 
VII.—Primary Batteries. VIII.—Mag- 
neto Calling Apparatus. IX.—Local 
Battery Sub-station Equipments. X.— 
Telephone Lines. XI.—The Telephone 
Exchange in General. XII.—The Mag- 
neto Switchboard for Small Exchanges. 
XIII.—The Theory of the Multiple 
Switchboard. XIV.—The Magneto Mul- 
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tiple Switchboard. XV.—Transfer Sys- 
tems. XVI.—Systems of Transmission 
in Common Battery Exchanges. ХУП. 
Signaling in Common Battery Systems. 
XVIII.—Common Battery Switch- 
boards in Small Exchanges. XIX.— 
Common Battery Sub-station Equip- 
ment.  XX.—The Common Battery 
Multiple Switchboard. XXI.—Trunk- 
ing System between Common Battery 
Offices. XXII.—The Divided Multiple 
System. XXIII.—Private Branch Ex- 
change Service. XXIV.—Party Line 
Svstems. XXV.—Measured Service. 
XXVI.—Toll Switchboard Systems. 
XXVII.—Details of Multiple Switch- 
board Apparatus. XXVIII.—Power 
Plants in Common Battery Systems. 
XXIX.—Storage Batteries. XXX.— 
Protective Devices. XXXI.—Distrib- 
uting Frames. XXXII.—Chief Oper- 
ator’s and  Monitor's Equipments. 
XXXIII.—Wire Chief's Equipment. 
XXXIV.—The Layout and Wiring of 
Central Office Equipments. XXXV.— 
Automatic Switchboard Systems. 
XXXVI. —Interconmunicating Sys- 
tems. XXXVII.—The Telephone Re- 
lay or Repeater. XXXVIII.. Wire for 
Telephone Use. XXXIX.—Pole-Line 


Construction. XL.—Aerial Cable Con- 
struction. XLI.—Underground Cable 
Construction. XLII.— Testing. 


KEYS FOR THE PRACTICAL ELECTRICAL 
Worker. Electric light, power, 
Street railway, telephone and the 
telegraph explained and illustrated 
by drawings and diagrams of con- 
nections from the latest practice. 
By F. J. Robinson. Cloth, 193 
pages, folding plates. Price, $2 net. 

ConTENTS.—Connections for A. C. 

Machines, A. C. Switchboards, A. C. 

Motors, Recording Wattmeters, A. C. 

Series Arc Lighting Systems, and Trans- 

formers. Rules and Tables. General 

Wiring Formula for A. C. Practical Elec- 

trical Units. Different Systems of Wir- 

ing for Light, Power, Bells, etc. Connec- 
tions for D. C. Generators and Motors, 

D. C. Switchboards, D. C. Series Arc 

Lighting Systems, D. C. Rheostats and 
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Controllers, Lightning Arresters. Con- 
nections of the Telephone. The Morse 
Code and Alphabet. Connections for 
the Various Telegraph Systems. 


TELEPHONY. Relates especially to the 
engineering design of telephone 
plants, with reference to the eco- 
nomic features which lead to the 
installation of the best plant for 
the least money. By A. V. Abbott, 
C.E. Price of the entire set, 6 vols., 
$6 net. Sold separately, $1.50 each, 
net. New York, McGraw Pub- 
lishing Company. 

Vol. V. The Sub-station. Cloth, 465 
pages, 310 illustrations. Price, $1.50 
net. 

Chapter I.—Introduction. II.—The 
Receiver. III.— Telephone Transmit- 
ters. IV.—Induction Coils and Sub- 
station Circuits. V.—Transmission and 
Current Supply. VI.—Signaling Ap- 
paratus. | VII.—Protection. VIII.— 
Party Lines. IX.—Sub-station Assem- 
blage. X.—Costs of Installation and 
Operation. 

Vol. VI. Switchboards and the Cen- 
tral Office. Cloth, 271 pages, 169 illus- 
trations. Price, $1.50 net. 

Chapter I.—Introduction. II.—Dis- 
tributing Boards.  III.—Circuits and 
Apparatus for Small Switchboards. IV. 
Transfer Systems and the Multiple 
Boards. V.—Common Battery Circuits. 
VI.—Toll Line Circuits. — VII.—The 
Power Plant. VIII.—Trafhc. 


STANDARD TELEPHONE WIRING. Simple 
directions for connection to the 
central office wires the common 
battery magneto-telephone as now 
installed by leading telephone com- 
panies in this country. By J. F. 
Fairman. Flexible leather. 91 pages 
74 illustrations. New York, Mc- 
Graw Publishing Co. Price, $1 net 

ConTENTS.— Introduction. I.—Tele- 
phone Apparatus. II.—Installation. 

III.—Common-battery Systems. IV.— 

Magnet Systems. V.—Troubles. VI.— 

Fire Underwriters’ Rules. 

(To be continued.) 
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Officers and Board of 
Directors, 1906-1907. 


PRESIDENT. 


Term expires 1907 
SAMUEL SHELDCN, Brooklyn. N. Y. 


JUNIOR PAST-PRESIDENTS. 


JOHN W. LIEB, JR., New York. N. Y. 
SCHUYLER S. WHEELER, Ampere, N. J. 


VICE-PRESIDENTS, 


Term expires 1907 
CHARLES A. TERRY, New York. N. Y. 
TOWNSEND WOLCOTT, New York, N Y. 
GANO DUNN, Ampere, N. J. 


Term expires 1908. 
A H. ARMSTRONG, Schenectady, N. Y. 
FRANK G. BAUM, San Francisco, Cal. 
H. H. HUMPHREY, St. Louis, Mo. 


MANAGERS. 


Term expires 1907. 
С. О. MAILLOUX, New York, М. Y. 
HENRY G. STOTT, New York, N. Y. 
JAMES G. WHITE, New York, N. Y. 
LOUIS A. FERGUSON, Chicago, Ill. 


Term expires 1908. 
CUMMINGS C. CHESNEY, Pittsfield, Mass. 


BANCROFT GHERARDI, New York, N Y. 


CALVERT TOWNLEY. New Haven, Conn. 
CHARLES L. EDGAR. Boston, Mass. 


Term expires 1909. 
А. M. SCHOEN, Atlanta, Ga. 
PAUL SPENCER, Philadelphia, Pa. 
JOHN J. CARTY, New York, N. Y. 
PAUL M. LINCOLN, Pittsburg, Pa. 


TREASURER. 
Term expires 1907. 


GEORGE A. HAMILTON, New York, N. Y. 


SECRETARY. 


Term expires 1907. 
RALPH W. POPE, New York, N. Y. 


Past-Presidents. 


NORVIN GREEN, 1884-5-6. 
FRANKLIN L. POPE, 1886-7. 
T. COMMERFORD MARTIN, 1887-8. 
EDWARD WESTON, 1888-9. 
ELIHU THOMSON, 1889-90. 

W. A. ANTHONY, 1890-91. 
ALEX. GRAHAM BELL. 1891-2. 
FRANK J. SPRAGUE, 1892-3. 
EDWIN J. HOUSTON, 1893-4-5. 
LOUIS DUNCAN, 1895-6-7. 
FRANCIS В. CROCKER, 1897-8. 
A. E. KENNELLY, 1898-1900. 
CARL HERING, 1900-1901. 


CHARLES P. STEINMETZ, 1901-2 
CHARLES F. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4. 

JOHN W. LIEB, JR., 1904-5. 
SCHUYLER S. WHEELER, 1905-6. 


GENERAL COUNSEL. 


PARKER and AARON, 
52 Broadway, New York, М. Y 


Standing Committees. 


EXECUTIVE COMMITTEE. 


SAMUEL SHELDON, Chairman, 
Polytechnic Institute, Brooklyn. N. Y. 
JOHN J. CARTY, New York, N. Y. 
GEORGE A. HAMILTON, New York, N. Y. 
RALPH W POPE New York, N. Y. 
HENRY G STOTT, New York, N. Y. 
CHARLES |. TERRY, New York. N. Y. 
CALVERT TOWNLEY, New Haven, Conn. 


COMMITTEE ON FINANCE. 


GANO DUNN, Ampere, N. J. 
JAMES G. WHITE, New York, N. Y. 


M 
COMMITTEE ON PAPERS. 


PERCY Н. THOMAS. Chairman, 

111 Broadwav, New York. N. Y. 
BERNHARD A. BEHREND, Norwood, O. 
HENRY A. LARDNER, New York, N. Y 
PAUL M. LINCOLN, Pittsburg, Pa. 

E. WILBUR RICE. JR., Schenectady, N. Y. 


BOARD OF EXAMINERS. 


WILLIAM MAVER, JR.. Chairman, 

136 Liberty St., New York, N. Y. 
H. FLEETWOOD ALBRIGHT, New York, N. Y. 
FRANK W. ROLLER, New York, N. Y. 
LEWIS B. STILLWELL. New York, N. Y. 
TOWNSEND WOLCOTT. New York, N. Y 


LIBRARY COMMITTEE. 


WILLIAM J. JENKS, Chairman, 

120 Broadway, New York, N. Y 
EDWARD CALDWELL. New York, N. Y. 
CHARLES F. CHANDLER. New York. N. Y. 
CHARLES A. TERRY, New York, М. Y. 

Р. N. WATERMAN, New York, N. Y 
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11 Pine St., New York, N. Y 
GANO DUNN, Ampere, N. J. 
CECIL P. POOLE, New York, N Y. 
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SECTIONS AND UNIVERSITY BRANCHES-—DIRECTORY. 


Name and when Organized. 


SECTIONS. 
Atlanta............Jan. 19, '04 
Baltimore......... Dec. 16, '04 
Boston............ Feb. 13, ‘03 
Chicago................. 1893 
Cincinnati......... Dec. 17, '02 
Columbus......... Dec. 20, '03 
Ithaca.........:.. Oct. 15, '02 
Minnesota.......... Apr. 7, '02 
Pittsburg.......... Oct. 13, '02 
Pittsfield Mar. 25, '04 
Philadelphia....... Feb. 18, '03 
San Francisco...... Dec. 23, '04 
Schenectady. ...... Jan. 26, '03 
Seattle............ Jan. 19, '04 
St. Louis. ......... Jan. 14, '03 
Toledo............ June 3, '07 
Toronto. ...... .. Sept. 30, '03 
Urbana....... .... Nov. 25, '02 


Washington, D. C.. Apr. 9, '03. 


UNIVERSITY BRANCHES. 
Armour Institute. ..Feb 26, '04 
lowa State College. Apr. 15, '03 
Lehigh University. Oct. 15, '02 
Montana Agr. Col. . May 21, '07 
Ohio State Univ. ...Dec 20, '02 
Penn. State College.Dec 20, '02 
Purdue University ..Jan. 26, '03 
Syracuse University Feb. 24, '05 
Univ. of Arkansas.. Mar 25, '04 
Univ. of Colorado..Dec 16, '04 
Univ. of Michigan..Mar 25, '04 
Univ. of Missouri...Jan 10, '03 
Univ. of Montana. . May 21, '07 
Univ. of Wisconsin.Oct. 15, '02 
Washington Univ...Feb 20, '04 
Univ. of Maine... . Dec. 26, '06 


Chairman. 


А. M. Schoen. 

J. B. Whitehead. 
H. E. Clifford. 

P. B. Wood worth. 


С. А. Wessling. 
R. J. Feather. 
E. L. Nichols. 
H. J. Gille. 


H. W. Fisher. 
Gilbert Wright. 
W. C. L. Eglin. 
C. L. Cory. 

D. B. Rushmore. 
C. E. Magnusson. 
А. S. Langsdorf. 
W. G. Nagel. 

R. G. Black. 
Morgan Brooks. 


P. G. Burton. 


1. E. Snow. 

F. A. Fish. 

A. W. Lawson. 
F. S. Lorentz. 
Н. С. Bartholomew 
E. W. Nick. 

C. P. Matthews. 
W. P. Graham 
W. B. Stelzner. 
А. M. Gregg. 

C. M. Davis. 

H. B. Shaw 
Robert Sibley. 
F.M Con'ece. 
А. S. Langsdorff 


Worcester Poly. Inst. Маг.25,04 | L. W. Hitchco.k 


Secretary. 


W. R. Collier. 
C. G. Edwards. 
C. H. Porter. 
H. R. King. 


A. C. Lanier. 
H. L. Backman. 
H. H. Norris. 
Barry Dibble. 


H. D. James. 
S. H. Blake. 
H. F. Sanville. 
A. H. Babcock. 


E. E F. Creighton. 


W. S. Wheeler. 
J. H. Finney. 
Gco. E. Kirk. 
L. W. Pratt. 

M. K. Akers. 
Philander Betts. 


J. E. Snow. 
Adolph Shane. 
M. T. Saldana. 
J. A. Thaler. 
Р. Е Beutler 
S. W. Pri. е. 

J. W. Esterline. 
R. A. Porter. 
К. A. Kce.l. 


II. S. Buchanan. 


H. D. Carpenter. 
S. R. Inch. 

J. W. Shuster. 

W. E. Bryan 
Gustav Wittig. 

S. W. Farnsworth. 


Regular Meeting. 


2d Friday. 
3d Wednesday 


Ist Tuesday after 
N. Y. meeting. 


Ist Monday. 
Ist Friday 


2d Monday after 
. Y. meeting. 


2d Tuesday. 
3d Thursday. 
2d Monday. 


2d Wednesday. 
3d Saturday. 
2d Wednesday. 


2d Friday. 
Ist Wednesday 
Ist Thursday. 


3d Monday 

1st Wednesday. 
3d Thursday 
Ist Friday. 


Every Tuesday 


evening 

Every Wednesday 

Every Tuesday. 

Ist and 3d Thurs- 
days. 

Ist & 3d Tuesdays 

Ist and 3d Wednes- 
days 

Ist and 3d Wednes 
days 

Ist and 3d Fridays 

Ist Thursday. 

4th Thursday. 


1st Wednesday 
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Section and University Branch Secretaries. 


AMES, IOWA.—ADOLPH SHANE, 
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Meetings 


HE value of a technical society to its 
members is so largely dependent 
upon meetings, that their character is 
a matter of supreme importance. There 
should be a continual effort toward im- 
provement, not only in the grade of 
papers, but in the technical value of the 
discussions, and the general conduct of 
meetings. The experience of various 
Sections should be drawn upon for use- 
ful hints. Lantern slides have proved 
to be very popular, but facilities for 
their introduction are not always avail- 
able. Whenever used, the speaker should 
have a preliminary rehearsal with the 
operator, in order that they may work 
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in harmony. Unless absolutely neces- 
sary for a proper understanding of a 
paper, it is preferable to group the slides 
at the close, accompanied by very brief 
informal descriptions. Local meetings 
in various parts of the country now offer 
an opportunity for a continually increas- 
ing proportion of the membership to 
take a more active part in the work of 
the Institute. Just prior to the Niagara 
Falls convention, the Lccal Organiza- 
tions Committee was authorized by the 
Board of Directors to call attention to 
the privilege of each chairman to repre- 
sent his Section on that occasion. The 
result was very gratifying, and includ- 
ing these delegates, the following states, 
districts, provinces and countries were 
represented: New York, Pennsylvania, 
New Jersey, Massachusetts, Washing- 
ton, Maryland, Minnesota, Nebraska, 
North Carolina, Tennessee, Montana, 
Indiana, Illinois, Ohio, Iowa, Missouri, 
Wisconsin, Connecticut, West Virginia, 
Michigan, District of Columbia, Ontario, 
Quebec, Manitoba, England, and Ger- 
many. Experience indicates that future 
conventions will gradually become more 
national in character, and that an effort 
should be made to obtain papers of 
world-wide interest in order that the 
discussions may be enriched by the 
experience of engineers working under 
varying conditions. 


Back to the Farm 


HERE has been widespread recog- 
nition of the drift of young men 
from agriculture to the more attractive 
industrial field. Financial betterment 
has without doubt been the chief incen- 
tive, but there is a fascination in elec- 
trical work which has had an important 
bearing upon the movement. Engineers 
who have accumulated sufficient wealth 
to enable them to purchase and operate 
a large farm, have in some instances 
found rest and recreation in the actual 
practice of agriculture. Conditions are 
changing, however, and it appears pos- 
sible that in the future small farms will 
be merged into such large tracts that 
their most efficient and economical op- 
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eration will demand electrical distri- 
bution. The асау of obtaining farm 
hands who are able and willing to milk, 
has reached a point where dairies are 
being abandoned, and the land used for 
other purposes. For at least fifty years 
inventors have toyed with the problem 
of a successful milking machine. The 
press agent of the New York Electrical 
show announced such an exhibit, pre- 
faced by the statement that thousands 
of people in New York City had never 
seen a cow, and thousands more had 
never seen a cow '' get milked ". But 
electricity is by no means confined to 
this restricted field of farm work. A 
plant in a small town in Ohio furnishes 
current to milk cows, thresh grain, cut 
fodder, fill silos, husk corn, grind feed, 
pump water, saw wood, separate cream, 
churn butter, wash clothes, light barns 
and houses. Telephone and signal bells 
have become ordinary conveniences, 
the use of motors for field work will cer- 
tainly increase, and in locations where 
water power is avaliable, there would 
seem to be ample opportunity for the 
young electrical engineer to utilize his 
genius in adding to the growing pros- 
perity of the scientific farm. 


Standardization Rules 


HE revised rules recommerded by 

the Standards Committee and ap- 
proved by the Board of Directors were 
printed in the July issue of the Pro- 
CEEDINGS. It is well known that these 
rules are the outgrowth of the original 
code promulgated in 1899. They repre- 
sent an immense amount of conscien- 
tious work by the committee, and num- 
erous suggestions have been considered 
at its various sessions. Experience 
has shown that these rules have been of 
great service in the electrical field, 
although progress has been so rapid 
that it is becoming ап exceedingly 
difficult matter to keep them up to 
date, and at the same time meet all 
requirements of the profession. Mem- 
bers should use every effort to call at- 
tention to the importance of substitut- 
ing the new rules for those which are 
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now obsolete. In addition to tke 
usual pamphlet edition, copies are row 
available bound in substantial cloth 
covers, which will be more convenient 
for desk use. Further details are 
given in the advertising section of this 
issue. 


Unauthorized Publication 


PAPER? read at meetings of Sectiors 

are the property of the Institute, 
and consequently the Institute must 
maintain the privilege of prior and ex- 
clusive publication. If not acceptable 
for this purpose, the author may then 
arrange for printing elsewhere. In two 
recent instances where papers of this 
character have been accepted for print- 
ing in the PRocEEDiNGS, they have ap- 
peared in the technical press, which 
accordingly debars subsequent publica- 
tion by the Institute. Officers of Sec- 
tions are expected to exercise their 
judgment as to the apparent suitability 
of local papers for publication bv the 
Institute, and forward copies to the 
Secretary for approval by the Meetings 
and Papers Committee as provided in 
the By-laws. 


HE darger of overhead wires has in 
the past received considerable 
atter.tion from the press, ard the falling 
of poles, weakened bv decay, has al- 
ways been recognized as a continual 
menace. Ап agitation is now beirg 
made in the interest of automobilists 
for the removal of poles from the tigh- 
way, on account of the many serious 
accidents which have been caused bv 
colliding with them. The natural 
outgrowth of this movement would 
seem to be to include also such obstacles 
to wild motoring, as horses, wagons, 
shade trees, rocks, hitching posts, and 
possibly curbstones. The old Amherst 
and Belchertown Railroad was practi- 
cally immune from collisions, by reason 
of its equipment being limited to one 
locomotive. If there were but one 
automobile confined in a garage, motor- 
ing accidents would be reduced to a 
minimum. 


і 
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Gas-Power CentralStation 
of the Duquesne Light 
Co., Pittsburg, Ра." 
NOTES ON EQUIPMENT AND OPERATION. 


Although the territory now supplied 
by the Duquesne Light Company was 
already covered by the distribution 
system of another company, there 
seemed to be room for further business 
for a central station securing the ad- 
vantages of more uniform regulation 
and distributing directly from the center 
of gravity of its load, thus obviating 
the first cost, the maintenance, and 
the losses of long transmission lines. 
Work was begun on June 28, 1906, 
and by October 5, the power station 
and distribution system were far enough 
completed to start regular 24-hour ser- 
vice. During the following six months 
the service increased so rapidly that 
the station is now heavily loaded and 
running Оп an excellent load-factor. The 
service consists of residential and com- 
mercial lighting and power, and these 
merge into a load having an exception- 
ally long hour evening peak and a fairly 
even day load. The 60-cycle genera- 
tors are wound three phase, star con- 
nected, and the distribution is partly 
underground and partly overhead to 
standard 2200-volt transformers, which 
in turn are connected to 110/220-volt 
secondaries. 

The power station.—In the choice of 
site and equipment, several factors 
had to be carefully considered. 

a. Proximity to electrical ‘ center 
of gravity." 

b. Coal supply for steam or gas plant. 

c. Natural gas supply for gas plant. 

d. Water supply for condensing or 
cooling purposes. г. 

The power house site chosen—near 
the junction of Penn Avenue and the 
Pennsylvania Railroad—is approxima- 
tely the center of the system, extending 
as it does about two miles in every di- 
rection from this point. Although 
the Pennsylvania Railroad passing the 

*A paper read before the American Institute 


of Electrical Engineers, Pittsburg Branch, May 
14, 1907, by Norman C. MacPherson. 
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property offered excellent fuel facilities, 
the absence of a natural supply of 
water in the East End practically barred 
a steam plant. The high pressure pipe 
line of the Pittsburg Natural Gas Co., 
delivering 24,000,000 cu. ft. of gas 
daily to the mill district of this city 
passes within 1000 ft. of the power house 
site, and this fuel was finally decided 
upon for its availability and cheapness. 
Should the natural gas ever fail or reach 
a prohibitive price, a producer plant 
will be erected on the company's ad- 
joining property, the coal used being 
elevated from the Pennsylvania Rail- 
road tracks. In this case the present 
engine equipment will be retained, as 
it is entirely adapted to either natural 
or producer gas—a good illustration 
of the flexibility of power gas work. 
In the building proper—a sub-station 
fire-proof structure of brick, concrete, 
and steel—the one feature out of the or- 
dinary is that the entire building is de- 
voted to generating machinery, no 
boiler or producer room being necessary. 
When complete with four units, the 
station will total but 3.7 sq. ft. per 
rated kilowatt, a low figure for a plant 
of only 720 kw. capacity. 
EQUIPMENT. . . i dpi 

Generating units. . Each of the two 
generating units at’ present installed 
consists of a three-cylinder, vertical, 
single-acting gas engine, with cylinders 
18 in. in diameter by 22 in. síroke, 
running at 200 rev. per. min., direct 
connected through a flexible spring 
coupling to а 180-kw., engine-type, 60- 
cycle, alternating-current generator. 
These units are of standard construction 
and include the very best features for 
obtaining satisfactory parallel opera- 
tion, uniform speed under variable 
loads, continuity of operation, and low 
operating expense. 

Auxiliartes. The auxiliaries include 
apparatus for supplying compressed 
air for starting the engines, 4-volt and 
110-volt direct current for ignition 
purposes, 110-volt direct current for 
exciting the main generators, and water 
for cooling the engines. 
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Compressed air supply. The com- 
pressed air supply for starting the en- 
gines must be independent of the en- 
gines themselves, as it must be ready 
for use when the rest of the station is 
'" dead." For this purpose, a small 
horizontal, single-acting gas engine is 
used, which is belted to a two-stage 
compressor; for breakdown purposes, a 
separate compressor is installed, belted 
to a counter shaft which in turn can be 
driven by either of the main engines. 
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Ignition current. For initial ignition, 
there has been provided one set of pri- 
mary “dry ” batteries and one set of 
storage-batteries, either of which is 
sufficient to operate the plant for some 
time. For ordinary use, however, a 
motor-generator set has been provided, 
taking current for its motor from 110- 
volt, direct-current, exciter bus-bars, 
and delivering from its shunt-wound 
generator, direct current of the same 
voltage. This supplies current to tke 


Fic. 1. 


The supply of air normally needed for 
starting the engines, is stored in two 
16-in. cylindrical tanks at 200 1b. pres- 
sure. In addition, four more of these 
tanks, each controlled by its own 
valve, have been installed, which, as 
they are not to be drawn from except 
for emergency work, constitute a re- 
serve for the engine-driven compressor. 
The six tanks total 102 cu. ft., or over 
ten times the cylinder displacement of 
one engine. 


ignition points which are operated in 
series with suitable resistance lamps. 
The storage batteries, however, are 
connected inside the lamps and work 
directly on the ignition points, thus 
allowing the batteries to “float” on 
the circuit, at all times fully charged and 
ready automatically to furnish the ig- 
nition current in case of accident to the 
motor-generator. Whenever necessary 
the 110-volt exciter circuit can be thrown 
directly on the same resistance lamps, 
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but this has the drawback of perma- 
nentlv grounding the one side of the 
field winding of the alternating-current 
gererators. 

Excitation. The direct-current ex- 
citation for the main generators is pro- 
vided by two 110-volt, compound- 
wound dynamos, either of which has 
sufficient capacity for both of the main 
units. These exciters are direct con- 
nected to induction motors which, in 
turn, are fed directly from either set 
of main switchboard bus-bars. "These 
motor-generator sets are also provided 
with pulleys for belt connection to a 
counter shaft which, in turn, can be 
run by either of the main engines 
through friction clutches. This clutch 
and belt device is occasionally a decided 
convenience in different ways, but its 
normal and important use is only for a 
few minutes, namely, after an accident 
has deadened {Ге main alternating-cur- 
rent switchboard bus-bar. In this 
case the first main gererator secures its 
excitation by means of an exciter set 
driven by its belt; the main generator 
is then switched on tke bus-bars and 
supplies current to the induction motor 
of the other exciter set. Next, the 
exciters are paralleled, the load trans- 
ferred to the second exciter, and finally 


the friction clutch driving the first — 


exciter set is released. 

Cooling water. The simplest method 
of cooling the cylinder jacket is, of 
course, to use fresh water directly from 
the city mains; this method, however, is 
rather expensive, and a circulating 
svstem has been installed which permits 
the use of a given quantity of city water 
over and over again until its tempera- 
ture is too high. For this purpose, a 
two compartment concrete tank has 
been constructed on the roof of the 
building, provided with overflow and 
risers, connecting with engines and city 
water piping. In these roof tanks a 
sufficient amount of surface cooling 
has been obtained to reduce the quan- 
tity of water required by the plant to 
about one-half of that needed without 
this circulating system, and this pro- 
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portion will be still further reduced by 
a simple form of cooling tower now 
being constructed on the roof. For 
emergency use, it is proposed to employ 
well water, although impurities will 
not permit its steady use. The jackets 
do not work under full pressure head 
from the tanks, about 35 ft., but deliver 
into a supplementary tank located on 
the mezzanine floor of the engine room, 
giving about 5 ft. of pressure head on 
the engine jackets. This is sufficient 
to provide solid water at all points and 
to prevent air pockets. From this 
tank, a centrifugal pump driven by a 
three horse-power induction motor, de- 
livers this water to the roof tanks. 

Piping. The engine exhausts are 
carried out through the building walls 
with easy bends, and then rise 40 ft. to 
clear the roof. As water is used in 
the exhausts, these risers are drained 
near the engines. A simple steam 
exhaust head capping each riser com- 
pletely deadens the exhausts, thus avoid- 
ing the difficulty sometimes experi- 
enced with gas plants located in resi- 
dence territory. 

The gas is delivered at the power 
house at about 15 lb. pressure, but this 
is reduced to 8 ounces before being 
metered. This pressure is further low- 
ered to two ounces by the regulators 
furnished with each engine. Ample 
storage capacity in the shape of liberal 
piping, has been provided on both sides 
of the engine regulators to insure a 
moderately uniform flow of low-pres- 
sure gas. 

OPERATION. 

Parallel operation and regulation. As 
this is a 60-cycle, polyphase plant, 
carrying a mixed load of lights and 
motors, it is apparent that good voltage 
regulation is necessary and that satis- 
factory parallel operation is an indispen- 
sable feature. The very fact that the 
plant is able to give so good a quality 
of service is proof that the parallel 
Operation bugaboo held over the gas 
engine for years, has been driven to 
cover especially with direct-connected 
60-cycle generators. These units are 
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paralleled in precisely the same manner 
as the ordinary steam unit, on an 
"opening throttle;" that is, the new 
unit is brought slowly up to synchron- 
ism with the one in service, and after 
the switches are closed, the throttle is 
spun open. There is an important 
advantage, however, over a steam en- 
gine of ordinary construction; namely, 
that the tension of the governor spring 
may be easily changed by hand while 
the engine is running, thus changing 
its speed and consequently its load also. 
As a matter of fact, instead of altering 
the governor spring, a pair of springs 
at the mixing valve working against 
the governor spring is adjusted, thus 
securing the same result. This ad- 
justment, consisting simply of a pair 
of thumb screws, gives an opportunity 
to bring up the load on the new 
unit as slowly or as rapidlv as desired, 
and to any point. Thus the fresh unit 
may be given more than its share of 
the load for a time to relieve the tem- 
perature of the other; or should ап 
igniter on either engine give trouble, 
the load may be dropped to two-thirds 
rating witkout taking the unit out of 
service. This adjustment is also some- 
times used to bring the engine into 
synchronism. The effect of a misfire 
in one of the cylinders is never notice- 
able on the line, except when the mis- 
fire continues for several cycles, which 
is rare. Naturally, it induces some 
little surging between the two machines, 
owing to the temporary disablement of 
a cylinder, but the shock is readily ab- 
sorbed bv the spring coupling and does 
not show the slightest tendency tothrow 
the engine out of step. In general, 
the regulation from this plant is fully 
as good as could be expected from 
any steam plant, and is entirely due to 
the method of controlling the quantity 
of mixture bv the governor, which is 
a fundamental feature of the four-cvcle 
gas engine. 

Ignition. This is one of the most 
vital points in gas engine work and 
should receive careful attention. from 
both the designing and operating en- 
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gineer. There should be at least two 
separate sources of ignition current con- 
tinuously available, which are provided 
for here by the small 110-volt shunt- 
wound generator and the set of 4-volt 
storage-batteries, as before described. 
Only one case has occurred where 
an engine has been shut down from 
the loss of igniter current, and this 
was due to a ground in the conduit 
between igniter switchboard and engine. 
This occurred in spite of the precaution 
of running all wiring through loricated 
iron conduit. А few spare igniters 
are always kept on hand, and it 1s only 
a few minutes work to replace a disabled 
one. If, however, these are changed 
regularly and cleaned, as they should 
be, they give very little trouble. On 
these engines there is a device for chang- 
ing the point of ignition while running. It 
is very necessary in gas engine work that 
ignition take place at the proper point, 
otherwise inefficient combustion shown 
by a badly distorted card, will result. 
But a good engineer can very readily 
determine whether the ignition is at 
the right point merelv by the sound of 
the explosion. Should the gas change in 
quality for any reason, the ignition 
can be readily adjusted, as well as the 
mixture, in a few seconds, without in 
the least disturbing the running of 
the engine. 

Starting. Ore very great advantage 
of gas engine work is the absence of 
standby losses after the engine is shut 
down, unlike the steam plant where 
there are condensation, radiation, and 
stack losses. The gas engine may 
stand for an hour or a month without 
incurring any losses whatsoever, and 
vet be in readiness for starting within 
a minute or two of the signal; but a 
steam engine must be warmed up and 
"turning over," previous to loading. 
In the Duquesne plant, compressed 
air is used for starting the engines. A 
supply several times greater than that 
actually required is always kept stored 
in steel tanks at 150 1. pressure. А 
single air valve controls each engine, 
and as soon as the air is turned on, the 
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engine automatically comes up to 
speed, usually in about 45 seconds, so 
that the unit may be loaded within 
about one minute from the start, or at 
least two minutes. This is evidently 
a good feature in case of emergency spare 
units. 

Station efficiency. А power station 
is, in one sense, only a machine for 
converting the potential heat energy 
of fuel gas or coal into electrical energy. 
The efficiency of conversion depends 
almost entirely upon the type of plant. 
With steam engines, four pounds of 
coal per kilowatt-hour may fairly be 
assumed to be well above the average 
results obtained in lighting plants of 
less than 1000 h.p. capacity. Now 
four lbs. of bituminous coal of 14,000 
B.t.u. per lb. (equal to 53.3 cu. ft. of 
natural gas of 1050 B.t.u. per cu. ft), 
is equivalent to a heat consumption of 
56,000 B.t.u. per kilowatt-hour at the 
switchboard, or an absolute thermal 
efficiency (1 h.p. = 2545 B.t.u.) of 
6.1% between coal pile and switch- 
board. 

Fig. 2 shows the fuel consumption of 
the Duquesne Light Company's engines, 
and displays the total hourly gas per en- 
gine, the gas per kilowatt-hour and the 
absolute thermal efficiency from gas to 
electricity. The “ total gas” curve, 
from which the others are calculated, 
was determined by reducing the actual 
station records to the equivalent per- 
formance of a single engine, and it has 
been checked up by a number of read- 
ings taken at various loads. We will 
tabulate, for illustration, the values 
for two different engine load-factors; 
namely, 40% and 80%. These are 
extreme limits—a plant requiring five 
engines to carry its peak load, should 
be able to operate at an average engine 
load-factor of 80% and a plant requiring 
two engines for its peak load, would 
probably run with an average engine 
load factor of 40%. 

Summarizing the tabulation, we find 
that natural gas of 1050 B.t.u. per 
cu. ft. will give a kilowatt-hour on 21.2 
cu. ft., with an average engine load- 
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factor of 40%; if the engines can be run 
on an average ' load- factor of 80%, the gas 
required wil be only 15.2 cu. ft. per 
kilowatt-hour. These values can be 
reduced, for sake of illustration, to 
equivalent pounds of coal having 14,000 
B.t.u. per pound; namely, 1.7 and 1.2: 
lb. per kilowatt-hour, respectively. If 
it is desired to compare these results 
with steam data expressed in terms 
of indicated horse power, these values 
will be approximately 0.96 and 0.781b. 
respectively. 


Месе ‚— Equivalent 
efficiency 
| of unit coal 
Engine Си. 6. B.t.u.| (gas to Bitu B 


electri- lb. per lb. per 


load- \gas per | per 
city) kw-hr.jih.p-hr. 


factor kw-hr. kw-hr. 


40% 21.2 22,200! 15.35% 1.7 ' 0 
| 8095 | 15.2 2 116.000. 21.4% | 1.23 | 0.78 

The comparison of the fuel consump- 
tion of the steam station described above, 
(operating on an equivalent of 53.3 cu.ft. 
of natural gas per kilowatt-hour) with 
the gas rate of a gasengine station which 
lies somewhere between the limits of 
21.2 and 15.2 cu. ft., is a striking illus- 
tration of the great fuel economy of the 
gas engine, and is, in itself, a measure 
of the relative thermal efficiencies of 
the two methods of developing power 
from natural gas. 

Cost of power. All the various items 
entering into the cost of power are, at 
present, difficult to obtain in segregated 
form, but have been estimated as 
closely as possible from two different 
prices of gas. 


— 25c. gas B Hn 15c. g: S 
; Ai | S 
% of cents | cents 
total perkw-hr. | per kw-hr. 
— |---| 
Fuel yas 47.61. .440 264 
Wages... 28.3 | .260 .260 
Supplies: | 
Oil waste.11. 3 
Water.. ..9.0 
‚ 20.3 . 187 „187 
Repairs........ |^ 3.8 .026 .026 
100. | .913 | .737 


_ Totals VOR 


This estimate, based upon the pre- 
sent load-factor and the complete plant, 


PROCEEDINGS OF А.І. E. E, 


E 
osqy 30 1199 | 


с 
© 
ш 
1 


(rVor120[3) KouojotyA 1 


л un 


3uo Jo 81800 оў paonpadl 
! [ 


suopva19sqo Sep шол] simso1 әЗюәлұ 
| 


no - 1nog 19d вво TRIOL, 


AQ 
T 


E 


11004 отапд ләй 


"пе әлпзәд 0001 
SUH Jo әпүвд WAH 
| | 


E 


лор 119 A0[TM Jod 1094 апд 


Ежа ЕСС 


190g 914 


я 


B 
X 


р 


Digitized by 


1907] 


shows a total operating cost well under 
lc. per kilowatt-hour for the highest 
priced gas, and 0.75c. for the lowest. 

In the near future, this will be some- 
what lowered by a reduction in the 
cost of water due to the cooling system 
mentioned above. Such a low cost shows 
the possibility of developing a large 
daylight power load, which feature 
appeals strongly to electric light 
managers. 

It is difficult to compare these fuel 
costs per kilowatt-hour with those of 
ordinary steam plants, as so much de- 
pends upon the character of their 
service and apparatus, but a large 
number of electric light plants under 
1000 horse power will have a fuel con- 
sumption varying between four Ib. and 
eight 1b. of coal. It is also fair to as- 
sume that their expenses, outside of 
the fuel item, will not differ materially 
from those given above (in a great 
many cases their wage item will materi- 
ally exceed 0.26c. per kilo.watt-hour) 

On this basis, then, natural gas at 
25 cents per 1000 cu. ft. is competitive 
with coal at $2.20 per ton, on a con- 
sumption of 4 lb. per kilowatt-hour, 
also with $1.10 coal, on the basis of 
eight lb. per kilowatt-hour. Similarly, 
15c. gas is competitive with coal at 
$1.32 per ton with a coal consumption 
of four lbs. per kilowatt-hour and with 
coal at 66c. a ton on a consumption of 
8 lb. per kilowatt-hour. 
^ Conclusion. It is well to keep clear- 
ly in mind that a gas power station can 
utilize to better advantage a larger 
number of generating units than can a 
steam station. The reason for this is 
that the gas engines are practically as 
efficient in small as in large sizes, and 
that the cost per kilowatt, and floor 
space occupied per kilowatt of rating, 
is likewise nearly uniform. Conse- 
quently, it is better to split up the sta- 
tion capacity as much as possible, there- 
by enabling the operator to fit his units 
into the load curve and obtain a better 
efficiency for the station. The avail- 
able spare power will also be better 
distributed, and this multiplicity of 
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units more readily provides for the 
possibility of losing an igniter. With 
one unit running, the disablement of 
one cylinder amounts to 33% of the 
rated capacity; with two units running 
this deficiency amounts to 16.6%; with 
three units, the deficiency is reduced to 
a little over 11% of the total capacity 
in operation. With four units running, 
the deficiency is but 8%, which can be 
readily taken care of by the overload 
capacity of the remaining cylinders. 

General experience with the Duquesre 
Light Company's plant thus far indi- 
cates that good service, combined with 
low operating costs, may be expected 
if proper attention is given to keeping 
the equipment in good working order. 
It is true that inexperienced or careless 
men cannot get the best results from 
a gas equipment, but with an experi- 
enced, active engineer in charge, the 
equipment is as trustworthy as a stea 
plant. ' 

DiscussioN 

J. R. BiBBiNs: This paper, dealing 
as it does with the most recent form 
of motive power, affords an interesting 
study and presents many old problems 
in a new light. Опе of the most im- 
portant is the question of relative spare 
capacity. In planning a new station, 
this question arises right at the outset 
after the problematical load curve has 
been determined upon—how many, 
and what size of units will be installed. 
Although one or two units yield the 
simplest form of plant, when one con- 
siders the average running efficiency 
the unit will give under the given load- 
factor it is a different matter. 

In a recent study of this point, a 
1000-kilowatt maximum load curve 
was assumed with 1, 2, 3, 4, and 5 
service units and a single spare unit. 
By ' blocking in ” the engine curves 
corresponding to the actual capacity in 
service at a given time, the average 
load on the engine was obtained in 
per cent. of itsrating, this being obtained 
by integrating both load and engine 
curves. Thus the relative heat con- 
sumption under average running con- 
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ditions was obtained. For this par- 
ticular load curve the first three unit 
combinations worked out best in hori- 
zontal units, the last two in vertical. 
For five units this condition works 
out to an average heat consumption of 
less than one-half that required by a 
single urit; in other words, an efficiency 
of twice as great. As to the cost of 
spare capacity for the single-unit plant, 
we must provide a spare unit equal to 
the running capacity—10097, two units, 
50%, etc., down to 20% for five units. 

It may be contended that the relative 
heat consumption and the cost of spare 
capacity are only small factors in the 
final solution of the problem, but this 
is not the case. The modern gas engine 
requires, in the larger sizes, a tvpe of 
construction which does not permit 
of very great reduction in cost over 
smaller sizes which embody the vertical 
self-contained construction. It thus 
develops that the price of a large gas- 
engine unit is very little lower than 
that of a medium sized unit. Again, 
we find that the heat efficiency of the 
large unit is but very little higher than 
that of the smaller sizes, due largely 
to the inherent properties of the com- 
bustion cycle rather than to any precise 
refinement in design or construction 
which so clearly disclose the character 
of steam engine construction. Analyz- 
ing the labor cost in the station, we 
find that with the compact, self-con- 
tained, vertical unit, this item is very 
nearly the same as for equivalent 
horizontal capacity. Thus the prob- 
lem practically reduces itself. to that 
of relative operating efficiency and 
investment in spare units with the re- 
sult above noted. 

On the question of spare units we 
may assume as a possible contingency 
that an igniter will give trouble at 
some time. This throws a certain part 
of the engine out of service, but does not 
necessarily disable it. With one unit 
running, the loss of an igniter would 
cause 25° loss of power, and with five 
units, 6.6% but on the standard over- 
load ratings each engine cvlinder is 


nection with the booster. 
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capable of delivering 1095 overload 
continuously. This overload capacity 
thus comes to the rescue of the disabled 
igniter. With two running units in 
the plant, we will barely be able to 
carry full load; with three units the 
extra capacity will tide us over; with 
five units the plant will develop 2.7% 
in excess of the rating in spite of the 
disabled igniter. 

An overload capacity of 10% seems 
small compared with the similar capa- 
city of a steam engine or steam turbine 
unit. While a steam urit gives its 
best economy at full load or under, the 
economy of the gas engine increases up 
to the maximum load, which makes 
it desirable to rate the engines and 
operate them as close to maximum as 
is permissible, ard while the gas-engine 
has a decided advantage for steady 
central station service, it is somewhat 
at a disadvantage on rapidly fluctu- 
ating loads. This, however, may be 
overcome hv the use of a storage-battery. 
A system has recer.tly been devised by 
which the gererator load may be Feld 
practically constant while the entire 
fluctuating load may be taken up by 
the battery. This is accomplished by 
a load regulator, a simple instrument 
of the relav type, installed on the 
switchboard ard operating in con- 
In a recent 
test -with this system, the external 
load was instantly varied through a 
range equivalent to 300%, of the gerer- 
ator capacity, vet these variations were 
entirely absorbed by the battery, and 
the generator kept within a few per 
cent. of its rating, irrespective of the 
suddenness or the violence of tbe 
fluctuations. "This instrument is par- 
ticularly useful in gas engine work as it 
permits full loading of the unit with 
impunity whereas it might be neces- 
*ary to reduce the average loading to 
one-third of the rating їп order to 
take care of the fluctuations. 

It is interesting to compare the eth- 
ciency of the small plant Mr. McPher- 
son has described, with the very large 
central stations now operating with 
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меат. ~The sabsolute 'therma[  effi- 
хлепсу of a station of 50,000-kw. 
‘capacity, equipped with the largest 
and . best type of steam engines built, 
is about 10%. This little. gas-driven 
station is giving. an average of 206, 
and, when running at full load, still 
higher. This is the total 
ethaiency from heat in the fuel to power 
at the switchboard, and shows опе of 
the great advantages of gas engine 
work. 

Finally may be mentioned the ex- 
treme flexibility of gas power. In 
steam practice we are chiefly confined 
to coal as fuel. We have used coal 
gas (which is rather expensive, but can 
be found in every city). А 500 h.p. 
engine at Lebanon, Pa., is now operat- 
ing on coke-oven gas, a by-product of 
the coking process. A 2000-h.p. plant 
at Philadelphia is running on oil dis- 
tillate, a product of the oil-refining 
process. In California а gas made 
from crude oil, called crude-oil water 
gas, is used. Its efficiency is not so 
high as could be desired, but it is a 
great improvement over steam. At 
Bessemer, 4 5000-h.p. plant is operating 
on blast-furnace gas. 
yas made from bog peat. This fuel 15 
coming to the front in New England 
where peat is found in large quantities 
and is easy of access. 

What promises to be the most prom- 
ising field, is low-grade anthracite. 
Every visitor to the anthracite field is 
at first astonished at the great waste of 
coal. In the Hazelton mining: region, 
the speaker saw one bank containing 
200,000 tons of comparatively large 
block coal. Another had 150,000 tons 
of what is called rice and barley. Nei- 
ther could be marketed to any extent. 
The former was mined when only the 
very best coal was sent out to the 
market, and was considered waste. 
At that time operators wasted about 
60%, and sent 40% to the market; now 
the waste is but 10%. Recent tests 
at east Pittsburg show that we can use 
this fuel very successfully in gas pro- 
ducers down to as small as the sizes 
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and “ barley." This 
is worth $0.60 a ton at the mines, and 
can be. obtained in Boston at $2.50, 
Where the market price of good steam 
coal is $3.85 to $4.00 a ton. 


Suggestions to Authors Re- 
garding the Preparation 
of Сору for Cuts Used 
in Illustrating Institute 
Papers 


As probably in nine cases out of ten, 
papers presented before the Institute 
are illustrated with cuts of various 
kinds, it may not be amiss here to make 
a few sugyestions in regard to the copy 
for cuts intended to illustrate a paper 
or a discussion. ‘The cuts used in the 
Institute PrRocEEDINGS and TRANSAC- 
TIONS are of three kinds; half-tones, 
line-cuts, and wax-cuts. 

Half-tones. | Half-tones are made 
from photographs. The best effects 


. are obtained from what is known as 


a solio print, with a slightly reddish 
tone. The print should be clear enough 
to make “retouching” unnecessary, 
as this.is an expensive and time-con- 
suming procéss. ` Particular care should 
be taken to see that the photograph 


will stand reducing to the size necessary 


to fit the measure of the Institute 
TRANSACTIONS. ‘This measure is four 
inches on the horizontal, seven inches 
on the vertical. 

Line-cuts. Line cuts are made by 
a direct photographic process. To get 
the best effect, the copy must be able 
in every way to stand reducing to four 
inches on the horizontal, or seven inches 
on the vertical. The lettering should 
be exceedingly clear, so that when re- 
duced there will be no difficulty in 
reading it. It is preferable to make 
cuts containing curves by this process, 
a process that takes but a short time 
and costs about five cents per square 
inch. Unfortunately, it is not always 
possible to do this, owing to the pre- 
valence of one or more of three condi- 
tions. First, the illustration is too 
sketchy to be photographed properly, 
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secondly, the lettering is not of the 
right size or quality to reproduce in 
conformity with the standard of the 
Institute in these matters; thirdly, and 
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contrived to foist upon engineers paper 
ruled with light blue, light green, light 
brown, yellcw, or red lines with the cross- 
sectioring much too fine for ordinary 
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Fic. 2—A poor half-tone cut made from indistinct copy 
that could not safely be retouched 


most important of all, the cross-section 
paper used makes exceedingly poor 
For one reason or another 
the makers of cross-section paper have 


a6 copy „„ 


purposes. Frequently, engineers need 
only every fifth or every tenth line as 
coórdinates in locating the points which 
determine the curve; it is seldom 
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Fic. 3—A reasonably good half-tone, reduced to one-quarter of the 
original size; no retouching 


that the intermediate lines are needed. 
In reproducing a curve by the ''line- 
сиё” process from copy consisting of 
minutely subdivided cross-section paper 
with light brown or green or yellow or 


red lines, all the unnecessary subdivis- 
ions on the cross-section paper appear 
in the cut, giving at best an indistinct 
or hazy impression. See Fig. 5. If the 
cross-section paper used were ruled 


Fic. 4—Half-tone of oscillogram, made from poor copy carefully 
retouched. Under present conditions it is almost impossible to make 
satisfactory cuts of oscillograms without retouching the copy 
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Fic. 5--Line-cut made from cross-section paper ruled w 
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The same hazy effect is produced 


from copy with yellow, green, or red cross-section lines 


All the fine cross-section lines are reprodu 
impression. 
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Fic. 6—The same cut 
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Fic. 7. Ns sit me from Ed copy on ins line cross-section paper with 
the necessary cross-section lines inked in. This cut cost 60 cents 


= 
73 


Obs 


а 
| 


TERI 


Fic. 8—Line-cut made from poor copy, and considerably reduced in size 
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Fic. 9—Line-cut made from original tracing; tracing substituted 
for blue-print by request 


with hight brown, green, yellow, or red 


lines showing only the coórdinates 
actually needed to. determine the 
points of a curve, this  ursatis- 


factory condition would be avoided; 
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process that requires time and money. 

It is common practice to use cross- 
section paper ruled with light-blue lines. 
As blue does not photograph at all, it 
is impossible in the present state of 
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Fic. 10—А gocd line-cut from good copy, 


but as this kind of cross-section 
paper is virtually not used at all, 
to avoid getting an indistinct im- 


must be 
wax-process, à 


faulty 
the 


pression this 
reproduced by 


сору 


but lettering somewhat too large 


the art to reproduce with this kind 
of cross-section paper the necessary 
coórdinates that determine the char- 
acter of the curve. Curves on this kind 
of paper could be reproduced quickly 
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Fic. 11—Wax-cut made from a hastily prepared pencil sketch. 
This cut cost $2.00; a similar line-cut could be had for 50 cents 
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Fic. 12—Wax-cut made from good copy on cross-section paper 
ruled with light-brown lines. Ас all the fine cross-section lines 
would appear in the impression from a line-cut, thus blurring it, 
the wax process was resorted to. The cut cost $3.20. The same 
kind of copy on blue-line cross-section paper, with the necessary 
coórdinates inked in, would cost only 80 cents 


and cheaply if the author would letter 
the copy carefully and then trace in 
black ink the coórdinates that he wishes 
to appear in the cut. 

By the line-cut process, then, costing 
only five cents per square inch and re- 
quiring only a brief time-element, 
entirely too many coórdinates appear 
in cuts made from cross-section paper 
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Fic. 13—Wax-cut made from а blueprint. 
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so that the drawing will stand re- 
ducing to four inches on the horizontal 
or seven inches on the vertical. 
Wax-cuts. Wax-cuts cost twenty 
cents per square inch, four timesas much 
as line-cuts, and take about five times as 
long to make. The Institute has been 
put to a great deal of expense, and has 
been delayed a number of times in print- 
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This cut cost $3.60. 


From the original copy or a good tracing it could have been 


made for 90 cents. 


ruled with light-brown, green, vellow, 
or red lines; no coórdinates at all 
appear in cuts made from  blue-line 
cross-section paper. The best plan 
is, then, to draw the curve on 
blue-line cross-section paper, ink- 
ing in the necessary coórdinates, 
and carefully lettering the sheet 


ing advance copies of papers, because it 
has been compelled to resort to this 
process in order to reproduce im- 
properly prepared copy for cuts. As 
explained above under the heading, 
" Lire-cuts," considerable money ar.d 
time and some annoyance can be saved 
by explicitly. following tbe directions 
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regarding the making of curve sheets 
on blue-line cross-section paper with the 
necessary coórdinates properly inked 
in. Drawings other than curves are 
usually sent in either as pencil sketches, 
or in blue-print form. In both of these 
cases the wax-cut process must be re- 
sorted to in order to reproduce the draw- 
ings. If, instead of pencil sketches or 
blue-prints, authors would send the 
original tracings, properly lettered to 
conform with Institute style and quali- 
fied to stand the necessary reducing, 
all these cuts could be made by the 
line-cut process at five cents per square 
inch, instead of by the wax-cut process 
at twenty cents per square inch. 


The Presentation of Papers 
Before the Institute 
For the benefit of those who desire 
to present papers before the Institute 
during the coming year and who may 
not be wholly familiar with the rules and 
customs of the Institute in such matters, 
the following explanation is given. 
Although the advantage to the elec- 
trical profession of the stimulus, the 
educational influence and the develop- 
ment of esprit de corps, due to the in- 
fluence of the Institute, is important 
and far reaching, vet the most serious 
direct effort of the Institute is the publi- 
cation in its PROCEEDINGS and TRANSAC- 
TIONS of the fullest view of current 
electrical progress. Consequently, op- 
portunity is gladly given for the pres- 
entation of all valuable matter of in- 
terest to the electrical profession when 
presented in the proper form. 
According to the amended Consti- 
tution, the arranging of meetings, and 
the editing and approving of papers, 
lies with the Meetings and Papers 
Committee; all correspondence relat- 
ing to papers should be there addressed. 
Any person desiring to present a 
paper should so inform the committee 
as early as practicable, as the meetings 
are arranged some time in advance. 
It is the general plan of the committee 
not to assign dates for the reading of 
papers until the manuscript is received, 
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so that papers may be published in full 
some time before the meeting to allow 
a careful preparation of discussion. 

As the comments and criticisms on 
the papers, when well considered, gen- 
erally add much to the value of the 
meetings, a few persons having especial 
authority or special knowledge are in- 
vited to start the discussion, which 
afterwards is thrown upon. 

Written communication on any paper 
will be received within a reasonable 
time of the meeting, either before or 
after. 

There are certain limitations as to 
what is gererally considered to consti- 
tute proper subject matter for pres- 
entation before the Institute. 

(a) Only original papers will be 
received, t.e., papers previously pub- 
lished elsewhere cannot be presented 
before the Institute. Exception will 
be made in the case of the Institute 
Sections. 

(b) Except in special cases, only 
matters of interest to a considerable 
portion of the Institute body can be 
presented at the regular monthly 
meetings. Other valuable matter will 
usually be reserved for the annual con- 
vention, or for special meetings. 

(c) No matter intended merely to 
advertise any person or any particular 
make of apparatus is admissible. 

(d) Space cannot usually be given 
to papers that are merely descriptive 
of apparatus or plants which do not 
involve new features or important 
data not elsewhere available. 

(e) Papers should as far as possible 
conform to the directions provided by 
the Meetings апа Papers Comnuttee 
as to typographical form, the use of 
abbreviations, character of cuts, etc. 
Copies of these directions can be ob- 
tained from the Committee, or from 
the Secretary of the Institute. 

In all cases papers are subject to 
revision or rejection by the Meetings 
and Papers Committee. 

It is earnestly requested, to permit 
of the most satisfactory arrangement 
of the program for the Institute meet- 
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ings, and to lighten the work of the 
Committee, that all members contem- 
plating the presentation of papers 
will give the earliest possible notice 
of their intention, and also complete 
the preparation. of their manuscripts 
and send them to the committee 
promptly. It is probable that papers 
offered when the season is well ad- 
vanced cannot be presented at any of 
the regular meetings during the present 
year. 
Percy H. THnoMas, 
Chairman Meetings & Papers 
Committee. 


Sections and University 
Branches 


TOLEDO SECTION 

The regular monthly meeting of 
Toledo Section of the American Insti- 
tute of Electrical Engineers was held 
Friday evering, September 6, 1907, at 
the Boody House. In the absence of 
Chairman Nagel, Secretary Geo. E. 
Kirk presided. 

Mr. Geo. J. Miller gave a very inter- 
esting talk on the history of the electric 
storage-battery, explaining the basic 
features of chemically formed ard 
pasted plates. The rough 
which batteries are subjected, as in 
automobile work, was pointed out, and 
how plates are designed to give efh- 
ciency and durability even under such 
trying circumstances. Specimens of 
different plates Were shown. There was 
a general discussion. 


usage to 


By-LAWS OF THE TOLEDO SECTION 


І. Name—Under the Constitution of 
the American. Institute of Electrical 
Engineers, ard pursuant to authoriza- 
tion of its board of Directors May 21, 
1907, this Toledo Section of the Ameri- 
can Institute of Electrical Engineers 15 
organized. 

11. Orricers—-The of tlis 
Section shall be a chairman, secretary, 
and three additional members constitut- 
ing an executive committee of five. 

]. Election. of The mem- 
bers of the Section shall vote by ballot 


oflicers 


oflicers. 
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for the five members of the executive 
committee. 

2. Term of office. The executive 
committee shall be elected at the regular 
January meeting of each year for a term 
of one year. 

3. Meetings of the executive commit - 
tee. The executive committee shall 
meet wherever called by the chairman 
or a majority of its members. 

4. Organization of executive com- 
mittee. The chairman of the Section 
shall be chairman of the executive 
committee and the secretary of the 
Section shall be secretary of the execu- 
tive committee. 

III. Meetincs. The Section shall 
hold a regular meeting at 8:00 p. m. on 
the first Friday of each month at such 
place as the secretary may designate in 
the notice. Special meetings may be 
held upon call of the chairman or a 
majority of the executive committee, 
details as to time and place to be given 
in notice. 

IV. GovERNMENT. In deciding ques- 
tions of government of Section and pro- 
cedure therein, the Constitution of the 
Institute, the By-laws of the Institute, 
these By-laws of this section and 
Robert’s Rules of Order, shall be 
followed in the order named. 

V. AMENDMENTS. These By-laws may 
be amended by a majority of the 
members present at any regular meeting 
held after notice has been given that 
the amendment is to be considered. 

VI. Abortion. Trese By-laws shall 
be in force when adopted by a ma- 
jority of the members present at regular 
September 1907, meeting. 


Associates Elected 
At a regular meeting of the Board 
of Directors held in the Engineers’ 

Building, 33 West Thirty-ninth street, 

New York, Friday, September 27, 1907, 

at 3:30 p.m., the following 60 Associates 

were elected: 

ASHWORTH, EDWARD MONTAGUE, Engi- 
пест, Canadian General Electric Co.; 
res., 1584 Brunswick Ave., Toronto, 
Ont. 
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Barpavr, Gustav, Superintendent, Arc 
Lamp Factory, Allgemeine Elektrici- 
tats Gesellschaft, Berlin N., Germany. 

BEAUBIEN, JAMES DE GasPE, Appren- 
tice, Westinghouse Electric and Mfg. 
Co., Pittsburg; res., 427 Centre St., 
Wilkinsburg, Pa. 

Brack, ALEXANDER LESLIE, Engineer, 
New Orleans Railway and Light Co., 
323 Baronne St., New Orleans, La. 

Briss, ELMER FRANKLYN, Engineer, 
Railway Signal Department, General 
Electric Co.; res., 104 Campbell Ave., 
Schenectady, N. Y. 

BLivEeN, CHarLes M., Agent, General 
Electric Co., Union Trust Bldg., San 
Francisco, Cal. 


Borce, Orar, Electrical Engineer, 
Norsk Elektrisk Aktiebolag, Skov- 
veien 12, Christiania, Norway. 

BowRiNc, CHARLES THURSTON, Appren- 
tice, Westinghouse Electric and Mfg. 
Co., Pittsburg; res., 410 Todd St., 
Wilkinsburg, Pa. 

BRIGHAM, VERNON THEODORE, Assist- 
ant Instructor, Electrical Engineer- 
ing Departmer.t, Purdue University, 
Lafayette, Ind. 

COLLENS, CLARENCE LYMAN, 2d, Assist- 
ant Superintender.t, Canadian Niag- 
ara Power Co., Niagara Falls, N. Y. 

CONNOLLY, ALEXANDER C., Engineer, 
Electrical Construction, Mexican 
Light and Power Co., Apartado 905, 
Mexico, D. F. Mex. 


Cooper, THOMAS, Westinghouse Elec- 
tric and Mfg. Co.; res., 909 So. St. 
Bernard St., Philadelphia, Pa. 

Davis, CLARENCE ALRERT, Telephone 
Engineer, Western Electric Co.; res., 
153 E. 86th St., New York City. 

Day, LEONARD, Patent Lawyer and 
Patent Expert, with N. M. Goodlett, 
Jr., 2 Rector St., New York City. 

DEATH, NORMAN PERCIVAL FREDERICK, 
Assistant Engineer, C. H. Mitchell; 
res., 360 Shaw St., Toronto, Ont. 

DeLanciz, Harry SHERWOOD, Sales- 
man, Westinghouse Electric and Mfg. 
Co., 705 Land Title Bldg.; res., 3716 
Locust St., Philadelphia, Pa. 
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Epwarps, Harry GRISWOLD, Foreman, 
Construction Department, General 
Electric Co., 1036 4th Ave., Louis- 
ville, Ky. 

Foss, WirLiAM E., Division Engineer, 
Metropolitan Water and Sewerage 
Board, 1 Ashburton P1., Boston, Mass 

GARRETSON, Harry DovgGras, Elec- 
trical Engineer, Stevenson Machine 
Co.; res, 138 Lancaster Ave., Buf- 
falo, N. Y. 

GOLDENSTEIN, Matrice M., Electrical 
Engineer, Cutler-Hammer Mfg. Co., 
Milwaukee, Wis. 

GRAHAM, Roy CuLLeN, Secretary and 
Treasurer, Meeker Light, Heat and 
Power Co., Meeker, Colo. 


GRAHAM, WiLL Francis, Merriam, 
Kansas. 
GRIFFIN, Witttam К. W., Rochester 


and Eastern Rapid Railway Co., 
Canandaigua, М. Y. 

HANDLONG, GEORGE, Western Electric 
Co., 463 West St., New York City. 
HEARN, GEoncE A., Electrical Engineer 
Vallejo, Benicia and Napa Railway 

Co., Napa, Cal. 

Heim, JoHN Baptist, Electrician U. S.S. 
Albany, U.S. Navy; res., 501 Georgia 
St., Vallejo, Cal. 

HEMENWAY, THOMAS SHACKELFORD, As- 
sistant Engineer, L. M. Erricsson 
Telephone Mfg. Co., Military Road; 
res., 369 Norwood Ave., Buffalo, N. Y 

HIBBEN, FREDERICK MARTIN, Assistant 
Electrical Engineer, Cleveland Elec- 
tric Illumirating Co., Wilbur Ave. 
S. E., Cleveland, О. 

Horton, ALBERT J., Engineer, Cutler- 
Hammer Mfg. Co., 79 E. 130th St., 
New York City. 

IREDELL, GEORGE S., Electrical and 
Mechanical Engineer, Pendexter Bldg 
res., 203 W. 10th St., Austin, Texas. 

Jackson, E. Leroy, Keystone Elec- 
trical Instrument Co., 1229 Real 
Estate Trust Bldg., Philadelphia, Ра.; 
res, Hammonton, N. J. 

JONES, CHaRLES WILLIAM, Assistant 
Engineer of Construction, New York, 
New Haven and Hartford Railway 
Со.; res, 196 North St., Stamford, 
Conn. 
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JoNEs, FRED B., Engineer, Utah Inde- 
pendent Telephone Co., 115 State 
St., Salt Lake City, Utah. 

KirsEE, Isapor, Research Work, 209 
Walnut PI., Philadelphia, Pa. 

LEviNsoN, Isaac, Manager, Electrical 
Department, United Cigar Stores Co., 
44 W. 18th St., New York City. 

Lewis, FRED SIGNOR, Superintendent 
Electric Plant, Cleveland Illumina- 
ting Co., 2190 E. 78th St., Cleveland 
Ohio. 

LINDGREN, Henry W., Draughtsman, 
Electrical Installation Co., Monad- 
nock Bldg., Chicago; res., 515 N. 7th 
Ave., Maywood, IIl. 

LONGINO, JAMES LELAND, in charge of 
sub-stations, Jamestown Exposition, 
Department of Electricity; res., 435 
Duncan Ave., Norfolk. Va. 

оске, CHARLES Epwarp, Adjunct Pro- 
fessor Mechanical Engineering, Co- 
lumbia University; res., 544 W. 142d 
St., New York City. 

Масар, Lewis Borris, Development of 
Hydro-Electric Plants, Tallulah 
Lodge, Georgia. 

MARSHALL, ALBERT Jackson, IHlumi- 
nating Engineer, Holophane Co., 227 
Fulton St., New York City. 


Monori, Emit, Electrical Engineer, 
General Electric Co.; res, 605 So. 


Centre St., Schenectady, N. Y. 

Мекрнү, FRED E., Erecting Engineer, 
Westinghouse Electric and Mfg. Co., 
Pittsburg, Ра. 

NORRIS, TuoMas FENbDoL, Electrical 
Engineer, West. Penn Railways Со, 
McKeesport, Pa. - 

Noyes, Hitanp BATCHELLER, Chief En- 
gineer, Omaha and Council Bluffs 
Street Railway Co., 2623 N. 20th St., 
Omaha, Neb. 


, 


OGDEN, KENNETH CHARLES, Agent, 
New York Edison Co.; res., 318 W. 
d7th St., New York City. 

PENDRAY, EDWARD EVERETT, Assistart 
Professor Physics, Missouri State 
Normal School, Cape Girardeau, Mo. 

PENNIE, Joux C., Attorney at law; res., 
83 Park St., Montclair, N. J. 
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REED, Emerson G., Electrical Engi- 
neer, Westinghouse Electric and Mfg. 
Co., Pittsburg; res., 200 Franklin 
Ave., Wilkinsburg, Pa. 

RoBiNsoN, К. E, Chief Inspector, 
Southern Bell Telephone and Tele- 
graph Co., 77 Wentworth St., Charles- 
ton, б. С. 

SEELIG, ALFRED E., Electrician, Electro 
Bleaching Gas Co., 24 E. 21st St; 
res., 1236 Madison Ave., New York 
Cit y. 

SHaw, ]озЕРН Duty, Underground En- 
gineer, Allegheny County Light Co. 
and Pittsburg Railways, Pittsburg, P. 

SKINKLE, Jav WiLLiAM, Cable Engi- 
neer, Western Electric Co.; res., 6562 
Stewart Ave., Chicago, Ill. 

SrocKkiNG, FRED TowNSEND, Assistant 
Electrical Engineer, Hvdro-Electric 
Power Commission of Ontario, 710 
Continental Lift Bldg., Toronto, Ont. 

STRICKLAND, HENRY FREDERIC STEPH- 
ENSON, Chief Electrical Inspector, 
Canadian Fire Underwriters Associa- 
tion, 27 Wellington St. E., Toronto, 
Ont. 

Symons, HaroLD DALRYMPLE, Engineer, 
British Westinghouse Electric and 
Mfg. Co.; res., 29 Alice Str. Sale near 
Manchester, England. 

Tapa, Kozo, Engineer, Kyoto Munici- 
pal Electric Works, Kyoto, Japan. 
THAYER, WiLLIAM Curtis, Electrical 

Contractor, East Aurora, N. Y. 

THORPE, CHARLES NEWBOLD, Manager, 
Franklin Eleetric Mfg. Co., 602 Fisher 
Bldg.; res., 2149 Kenmore Ave., Chi- 
cago, Ш. 

UNDERWOOD, FREDERICK VIRGINIOUS. 
Superintendent, Electric Meter De- 
partment, Birmingham Railway Light 
and Power Co., 2100 Ist Ave., Bir- 
mingham, Ala. 

Total, 60. 


Meeting of the Institute at 
New York, October 11,1907 

At the meeting of the Institute to be 
hcld in the Auditorium of the Engineers' 
Building, 33 West Thirty-ninth street, 
New York, October 11, 1907, Paul M. 
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Lincoln, engineer of the power division, 
Westinghouse Electric & Manufacturing 
Company, will present a paper, printed 
in this 1ssue of the PROCEEDINGS, on the 
'" Grounded Neutral With and Without 
Series Resistance in High-Tension 
Systems.” There will be presented at 
the same time, also printed herein, 
papers by F. С. Clark, superintendent 
of the power station of the Pennsylvania 
Tunnel and Terminal Railroad Company, 
and Geo. I. Rhodes, assistant engineer 
of the Interborough Rapid Tránsit Com- 
pany, covering the results of actual op- 
eration in their systems with the neutral 
point grounded through series resist- 
ance. It is expected that there will be 
in addition a full discussion on the even- 
ing of the meeting. 

As this subject is one of growing 
prominence, and as it is highly desirable 
to have as general an expression of 
opinion as possible, it 1s requested that 
all members having any experience with 
the grounded neutral will either be 
present ard join in the discussion or 
send a written communication. 


— 


November Meeting of the 
Institute 

The two hundred and twenty-second 
meeting of the Institute will be held in 
the Auditorium of the Engineers' Build- 
ing, 33 West Thirty-ninth street, New 
York, on Friday, November 8, 1907, at 
8:15 p.m. А. H. Armstrong, assistant 
engineer of the railway and traction de- 
partment of the General Electric Com- 
pany, Schenectady, will present a paper 
entitled, ‘‘ Comparative Performance of 
Steam and Electric Locomotives.” 


Meeting of the A. S. M. E. 

The first monthly meeting of the 
American Scciety of Mechanical Engi- 
neers is announced for October 8 at 
7:45 p.m, in the Auditorium of the 
Engineers' Building, the subject of dis- 
cussion being ' Industrial Education." 


Applications for Election 
Applications have been received by 
the Secretary from the following can- 
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didates for election to the Institute as 
Associates; these applications will be 
considered by the Board of Directors 
at a future meeting. 

Any Member or Associate objecting 
to the election of any of these candi- 
dates should so inform the Secretary 
before November 8, 1907. 


6684 L. P. Burgner, Toledo, O. 

6685 H. S. Carr, West Duluth, Minn. 
6686 D. F. Henderson, Spokane, Wash. 
6687 W. W. Kinsley, Jr., Cleveland, O. 
6688 A. J. Soper, Schenectady, N. Y. 
6689 H. T. Kohlhaas, Brooklyn, N. Y. 
6690 J. Е. Strachan, San Francisco, Cal 
6691 G. C. Donaldson, DuBois, Pa. 
6692 John Gelzer, Jr., Birmingham, Ala. 
6693 J. H. Priest, Manchester, N. H. 
6694 C. R. Young, Bloomfield, N. J. 
6695 A.D. Brinckerhoff, Springfield, IN. 
6696 I. Nakahara, Tokvo, Japan. 
6697 J. E. кы Seattle, Wash. 


6698 J. L. Woodress, St. Louis, Mo. 
6699 F. E. Rn Schenectady, N. Y. 
6700 H. W. Evans, Chicago, Ill. 

6701 L. L. Barnes, Atlanta, Ga. 

6702 A. B. Thomson, New York City. 
6703 R. B.Wainwright, New York Cit y. 


6704 W. H. Bass, Liberty, N. Y. 
6705 E. А. Hultz, Chicago, Il. 
6706 Llewellyn Evans, Berkeley, Cal. 
6707 C. A. Heinze, Los Angeles, Cal. 
6708 W. К. Lavre, Berkeley, Cal. 
6709 К. К. Keely, Edmonton, Can. 
6710 R. M. Wynn, Saulte Ste Marie, Ont. 
6711 T. Bjorgerd, Seattle, Wash. 
6712 P. MacL. Marshall, N. Y. City. 
Total, 29. 


Associates Transferred to 

the Grade of Member 

The following Members were trans- 
ferred from the grade of Asscciate by 
the Board of Directors at the meeting 
held July 26, 1907. This notice was in- 
advertently omitted from the August 
PROCEEDINGS. 


J. F. Newman, Superintendent and 
Chief Engineer, Wood Motor Vehicle 
Co., Chicago, IH. 

B. F. Woop, Assistant Engineer, 
Motive Department, P.R.R., Altoona. 
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RicHARD McCurLocH, Assistant Gen- 
eral Manager, St. Louis Transit Co. 
J. L. Harper, Chief Engineer, Niagara 
Falls Hydraulic Power and Mfg. Co., 

Niagara Falls, N. Y. 

А. К. СнЕҮХЕҮ, Station Supt. Phila- 
delphia Electric Co., Philadelphia, Pa. 

W. W. Brunt, British Westinghouse 
E. & M. Co., London, Eng. 

CALVERT TOWNLEY, First Vice-president, 
Consolidated Ry. Co., New Haven. 

A. W. K. BirLiNGS, Havana, Cuba. 

Epson, OrivER Sessions, Western 
Sales Engineer, Stanley G. I. Elec- 
tric Mfg. Co., Chicago, Ill. 

FRANK КїснАкр$ Forp, Consulting En- 
gineer, 115 Broadway, New York Cit y. 

CHARLES Horraup Moritz, G reral 
Superintendent Niagara Works, Alu- 
minum Co. of America, Niagara Falls, 
N. Y. 

REvBEN. Irvine Wricut, Engineer, 
The Electric Controller & Supply Co., 
Cleveland, O. 

Davip Hatt, Assistant Chief Engineer, 
The Bullock Electric Mfg. Co., 4816 
Ash St., Station H, Cincinnati, O. 


Applications for Transfer 


Recommended for transfer by the 
Board of Examiners, September 20, 
1907. Any objection to these transfers 
should be filed at once with the Secre- 
tarv. | 
CLIFFORD WAYNE HUMPHREY, Consult- 

ing and Designing Engineer, The 

Rookery, Chicago, Ill. 

ROBERT CARR LANPHIER, Secretary and 
Manager, Sangamo Electric Company 
Springfield, Ill. 

ALBERT Gustav WeEssLinc, Assistant 
Enpircer, Bullcck Electric Manufac- 
turing Company, Cincinnati, O. 

WILLIAM NELSON SMITH, Electric Trac- 
tion Engineer, Westinghouse, Church, 
Kerr & Company, New York. 

CHARLES Ezra SCRIBNER, Chief Ergi- 
neer, Western Electric Company, 
Chicago, ЇЇ. 

KEMpPsStER B. Милек. Cor sulting Elec- 
trical Engireer, 1454. Monadnock 


Block, Chicago, IN. 


[Sept. 


Personal 
MR. Georce F. Јонмѕом of Cornell 
University, '07, is now in the test de- 
partment of the General Electric Com- 
pany, Schenectady, N. Y. 


Mr. КА рн D. Nye has been trans- 
ferred by the Westinghouse Electric 
and Manufacturing Company from the 
East Pittsburg factory to the Cleveland 
sales office. 


Mr. CRELLIN CARTWRIGHT has been 
transferred from the foreign department 
of the General Electric Company in 
Schenectady, to the office of the com- 
pany’s representative in Japan, as en- 
gineer. 


Mr. W. S. Stusss, formerly at Am- 
sterdam, New York, has gone to Rio 
Janeiro, Brazil, where he expects to 
remain for eightcen months or more, 
in the interest of the General Electric 
Company. : 

Mr. KENNETH L. Curtis, formerly 
assistant professor of electrical engi- 
necring at Leland Stanford Jr. Univer- 
sity, California, has taken a position 
with Westinghouse Church, Kerr and 
Company, of New York City. 


Mr. Evvery B. Paine has left the 
electrical engineering department of the 
North Carolina College of Agriculture 
and Mechanical Arts, to become assist- 
ant professor of electrical engineering 
at the University of Illinois. 


MR. А. R. Swosonpa, for the past two 
vears instructor in electrical engineering 
at the University of Nebraska, has re- 
sigred his position there, and 15 now in 
the engineering department of the 
Kellogg Switchboard and Supply Com- 
pany, Chicago. 


Mr. Eart E. RANNEY has left the 
emplov of the Bv-products Coke Cor- 
poration at South Chicago, Ill, to ac- 
cept a position in the testing and erect- 
ing departments of The Electric Con- 
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troller and Supply Company, Cleveland, 
Ohio. 


Mr. W. К. STINEMETZ has returned 
from a two years trip to Italy, having 
completed two single-phase railroads, 
and will be connected with some work 
being done by the Westinghouse com- 
pany for the U. S. Government in 
Washington, D. C. 


Mr. С. H. McNary has resigned his 
position as electrical engineer for the 
Folsum Development Company, to ac- 
cept the appointment of vice-president 
and general manager of the Lewiston- 
Clarkston Company, with headquarters 
at Clarkston, Washington. 


Mr. A. К. DENNINGTON, formerly in- 
structor in electrical engineering in 
charge of electrical laboratories at the 
Pennsylvania State College, is now as- 
sistant principal of the school of elec- 
trical engineering of the International 
Correspondence Schools, Scranton, Pa. 


Mr. CarviN W. Rice, Sccretary of 
the Amercian Scciet y of Mechanical En- 
gineers, has recently returned from the 
Continent of Europe with his wife, who 
was ordered abroad to take the waters 
at one of the German spas. Mrs. Rice 
has returned thoroughly restored in 
health. 


Mr. Norman C. McPuHerson, until 
recently the chief engineer of the Du- 
quesne Light Company, of Pittsburg, 
whose electric plant he designed and 
constructed last year, has joined the en- 
gineering staff of Westinghouse, Church, 
Kerr and Co., and is now located in 
New York. 


Mr. Harry PickpaRpr has joined the 
sales department of the Holophane 
Company, and will be located with the 
Western department at Chicago, Mr. 
Pickhardt was heretofore engaged in 
electrical equipment work, but will de- 
vote his time in the future to the illu- 
minating field. 
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Mn. L. К. Nasu, has given up the 
management of the Savannah Electric 
Company to return to the office of 
Stone and Webster, Boston, where he 
wil be engaged for the present upon 
special problems in connection with the 
operation and management of their 
various companies. 


Мк. Н. Y. Hatt, JR., formerly with 
J. G. White and Co., and in charge of 
installation of five 00,000-volt sub- 
stations for the Buffalo, Lockport and 
Rochester Railway Company, is now 
assistant electrical engineer for the 
Southern Pacific Company, at San 
Francisco, on power station and sub- 
station design. 


Mr. J. С. HUFFMAN has resigned from 
the position of electrical engineer of the 
Oneonta and Mohawk Valley Railroad, 
to take up sales work with the Canadian 
Westinghouse Company, Ltd., at the 
Winnipeg office. He will travel out of 
Calgary, covering the provinces of Al- 
berta, Saskatchawan, and eastern Brit- 
ish Columbia. 


Мк. E. W. DEAN leaves London this 
month for the Argentine Republic, 
S. A., where he has an appointment on 
the staff of the Buenos Avres and Ro- 
sario Railway Company, Ltd., which is 
about to build a power station and lay 
down an extensive installation for the 
supply of electric current to the various 
yards, offices, and terminal stations. 


Mr. GEoRGE J. HENRY, JR., made a 
recent trip East in the interest of the 
Pelton Water Wheel Company, to con- 
tract for a lot of machine work in order 
to relieve the congestion of the San 
Francisco shops during a period of 
threatened strike. Conditions have ma- 
terially improved since then, however, 
and prospects for San Francisco are 
brighter. 


Mr. WALTER Атмоор lIlaArLr, for the 
past decade identified with the Lynn 
works of the General Electric Company, 


- 
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and during the last two years engincer 
in charge of the transformer depart- 
ment, transferred his headquarters on 
September Ist, to the Pittsfield works 
of the same company. Mr. Hall will be 
associated with Mr. Walter S. Moody, 
engineer-in-charge, as assistant engi- 
neer of the enlarged department formed 
by the concentration at Pittsfield of the 
greater part of the company's trans- 
former interests. 


Obituary 


MR. WirLiAM Josuva PHELPs died 
on September 3, at the Grace Hospital, 
Detroit, of inflammation of the brain, 
having undergone a mastoid operation 
on August 28. Mr. Phelps was born in 
Elmwood, Ill., Nov. 19, 1867. He was 
a graduate of Knox College, Galesburg, 
Il, with degrees of A.B., and A.M. 
His first work was in connection with 
the mines of the Elmwood Coal Com- 
pany, Elmwood, Ill. This involved 
making maps of all underground work 
to comply with a new law; installing an 
electrical pump and generating plant, on 
account of the unfavorable dip of tle 
vein, the survey for the bore hole being 
made under rather difhcult conditions, 
which at that period involved some orig- 
inal work. Later, he was retained by 
the city of Asheville, N. C., to examine 
and report on the street lighting svs- 
tem. In February, 1897, he began 
working on the incandescent electric 
lamps which have since become known 
under the trade name ‘* Hylo.’’ This 
work was recognized by a silver medal 
in 1900, from Paris, and by a report of 
the Franklin Institute in 1903. The 
commerical turn-down electric lamp is 
now regarded as a permanent and use- 
ful apphance in electric lighting. This 
arrangement so common now as to be 
standard, involved a great deal of study 
and experiment by Mr. Phelps before it 
became practicable; indeed it was due 
to his persistent experiment and causing 
of experiments bv manufacturers at his 
expense that made possible the low 
candle-power filament of long hfe and 
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good efliciency. Mr. Phelps was also 
the inventor of the Phelps motorless 
flasher, which has proven to be of great 
use in the electrical advertising field. 
He also did considerable useful work in 
thermopiles, thermostats, and resist- 
ance metals. Mr. Phelps was elected an 
Associate of the American Institute of 
Electrical Engineers, March 25, 1896. 


Books Received 


The following volumes have been re- 
ceived from the McGraw Publishing 
Company and placed in the Library of 
the Institute: 


ELECTRIC ‘TRANSMISSION OF WATER 
Power. A descriptive treatise from 
the standpoint of the engineer and 
financier. By Alton D. Adams. 
Cloth. 335 pages, illustrated. New 
York, McGraw Publishing Co. 
Price $3 net. 


Contents.—Chapter I.—Water-pow- 
er in Electrical Supply. II.— Utility of 
Water-power in Electrical Supply. III. 
— Cost of Conductors for Electric-power 
Transmission. IV.—Advantages of the 
Continuous and Alternating Current. 
V.—The Physical Limits of Electric- 
power Transmission. VI.—Develop- 
ment of Water-power for Electric Sta- 
tions. VII.—The Location of Electric 
Water-power Stations. VIII.—Design 
of Electric Water-power Stations. IX. 
—Alternators for Electrical Transmis- 
sion. X.— Transformers in Transmission 
Systems.  XI.—Switches, Fuses, and 
Circuit-breakers. XII.—Regulation of 
Transmitted Power. XIII.—Guard 
Wires and Lightning Arresters. XIV.— 
Electrical Transmission under Land and 
Water. XV.—Materials for Line Con- 
ductors. XVI.—Voltage and Losses on 
Transmission Lines. XVII.—Selection 
of Transmission Circuits. XVIII.— Pole 
Lines for Power Transmission. XIX.— 
Entries for Electric Transmission Lines. 
XX.—Insulator Pins. XXI.—Insu- 
lators for Transmission Lines. X XII.— 
Design of Insulator Pins for Transmis- 
sion Lines. X XIII.—Steel Towers. 
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Directors, 1907-1908. 


PRESIDENT. 
Term expires 1908. 


HENRY GORDON STOTT, New York, М. Y. 


JUNIOR PAST-PRESIDENTS. 


SCHUYLER S. WHEELER, Ampere, N. J. 
SAMUEL SHELDON, Brooklyn, N. Y. 


VICE-PRESIDE NTS. 


Term expires 1908. 
H. H. HUMPHREY, St. Louis, Mo. 
A. H. ARMSTRONG. Schenectady, N. Y. 
FRANK G. BAUM, San Francisco, Cal. 


Term expires 1909. 
JAMES С. WHITE, New York, N. Y. 
W. C. L. EGLIN, Philadelphia. Pa. 
L. A. FERGUSON, Chicago, Ill. 


MANAGERS. 
` Term expires 1908. 


CUMMINGS C. CHESNEY, Pittsfield, Mass. 
BANCROFT GHERARDI, New York, N. Y. 


CHARLES L. EDGAR, Boston, Mass. 
CALVERT TOWNLEY, New Haven, Conn. 


‘Term expires 1909. 
JOHN J. CARTY, New York,’ `N. Y. 
A. M. SCHOEN, Atlanta, Ga." 
PAUL M. LINCOLN, Pittsburg, Pa. 
PAUL SPENCER, Philadelphia, Pa. 


Term expires 1910. 
MORGAN BROOKS, Urbana, Ill. 
HAROLD W. BUCK, New York, N. Y. 
PERCY H. THOMAS, Montclair, N. J. 
BENJAMIN С. LAMME, Pittsburg, Pa. 


TREASURER. 


Term expires 1908. 


GEORGE A. HAMILTON, New York, N. Y. 


SECRETARY. 


Term expires 1908. 
RALPH W. POPE, New York, N. Y. 


Past-Presidents. 


NORVIN GREEN, 1884-5-6. 
FRANKLIN L. POPE, 1886-7. 
T. COMMERFORD MARTIN, 1887-8. 
EDWARD WESTON, 1888-9. 
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W. A. ANTHONY, 1890-91. 
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FRANCIS B. CROCKER, 1897-8. 
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CHARLES P. STEINMETZ, 1901-2 
CHARLES F. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4. 

JOHN W. LIEB, JR., 1904-5. 
SCHUYLER S. WHEELER, 1905-6. 
SAMUEL SHELDON, 1906-7. 


GENERAL COUNSEL. 


PARKER and AARON, 
52 Broadway, New York, N. Y 


Standing Committees. 


EXECUTIVE COMMITTEE. 

H. G. STOTT, Chairman. 

600 W. 59th Street, New York. 
CHESNEY, C. C., Pittsfield, Mass. 
EDGAR. C. L., Boston, Mass. 
HAMILTON, С. A., New York. 
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FINANCE COMMITTEE. 
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MERSHON, RALPH D., New York. 
NORRIS, H. H., Ithaca, N. Y. 


STANDARDS COMMITTEE. 
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Polytechnic Institute, Brooklyn, N. Y. 

BEHREND, B. A., Cincinnati, О, 
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EDITING COMMITTEE. 
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Columbia University. New York. 
BROWNE, W. H. Jr.. New York. 
THOMAS, PERCY H., New York. 


BOARD OF EXAMINERS. 
HAROLD W. BUCK, Chairman. 

49 Wall Street. New York. 
BARNES, H. H., Jr.. New York. 
COSTER, MAURICE. New York. 
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SEVER, G. F., New York. 


SECTIONS COMMITTEE. 
PAUL SPENCER, Chairman 


Broad and Arch Streets, "Philadelphia, Pa. 


ESTY, WILLIAM, Bethlehem, Pa. 
NORRIS, H. H.. Ithaca. N. Y. 
RUSHMORE, D. B., Schenectady, N. Y. 
WOODWORTH, P. B., Chicago, Ill. 


CODE COMMITTEE. 
F. A. C. PERRINE, Chairman. 

60 Wall Street, New York. 
FORSYTH, J. C.. New York. 
SCHOEN, А. M., Atlanta, Ga. 
SEVER, G. F., New York. 
SINCLAIR, H. A., New York. 
WARREN, H. S. New York. 
WILLIAMS, ARTIIUR, New York. 


LAW COMMITTEE. 


€. Ө MAILLOU X. Chairman. 
76 William Street, New York. 


ARMSTRONG, A. H.. Schenectady, N. Y. 


LARDNER, Н. A.. New York. 
SPERRY, E. A.. Brooklyn, N. Y. 
TERRY, C. A.. New York. 


Special Committees. 


BUILDING FUND COMMITTEE. 
T. C. MARTIN. Chairman, 
239 W. 39th Street. New York, 
BARCLAY, J. C.. New York. 
CARTY. J. J.. New York. 
EDGAR. C. L., Boston. Mass. 
JONES, F. W., New York. 
LIEB, J. W.. JR., New York. 
SPRAGUE, F. J.. New York. 
WHITE, J. G., New York. 


COMMITTEE ON INCREASE OF MEMBERSHIP. 

D. B. RUSHMORE, Chairman. 
Schenectady, N. Y. 

BERRESFORD, A. W.. Milwaukee, Wis. 

DICKENSON, S. S., New York. 

DUNN, GANO, Ampere. N. J. 

GHERARDI. BANCROFT, New York. 

HUTCHINSON, F. L., New York. 

KINTNER, S. M., Pittsburg. 

PECK, A. P.. New York. 

WATERS. W. L., Milwaukee. 


HIGH-TENSION TRANSMISSION COMMITTEF. 


(Sub-com. of Meetings and Papers Committee ) 
RALPH D. MERSHON, Chairman. 
60 Wall Street, New York. 
BAUM, F. G., San Francisco. , 
CHESNEY, C. C., Pittsfield, Mass. 
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RAILWAY COMMITTEE. 


(Subcom. of Meetings and Papers Committee.) 


A. H. ADM tee Chairman. 
Schenectady, | 


McCLELLAN, W M. New York. 
PUTNAM, H. ST. C.. New York. 
RICKER, C. W., Cleveland, O. 
STORER, N. W.. Pittsburg. Pa. 


CODE OF ETHICS COMMITTEE. 

SCHUYLER S. WHEELER, Chairman. 
x NJ: 

ARNOLD. B. J., Chicago. 
BUCK. H. 4 New York. 
CARTY, J. J.. New York. 
FERGUSON, L. A.. Chicago, Ill. 
LAMME. B. G., Pittsburg. 
LIEB. J. W.. JR., New York. 
SCOTT, C. F.. Pittsburg. 
SHELDON, SAMUEL. Brooklyn. 
STEINMETZ, C. P.. Schenectady, N. Y. 
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COMMITTEE ON FOREST PRESERVATION. 
C. H PORTER, Chairman. 
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GOSSLER, P. G., New York. 
SCHOEN, А. M.. Atlanta, Ga. 
THALER. J. A.. Bozeman. Mont. 
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COMMITTEE ON BIBLIOGRAPHY. 
WM. D. WEAVER, 239 W. 39th St., New York- 
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Washington, D. C..Apr. 9, '03. 


UNIVERSITY BRANCHES. 

Armour Institute. ..Feb 26, '04 
lowa State College. .Apr. 15, '03 
Lehigh University. Oct. 15, '02 
Montana Agr. Col. . May 21, '07 
Ohio State Univ. ...Dec 20, '02 
Penn. State College.Dec 20, '02 
Purdue University ..Jan. 26, '03 
Syracuse University Feb. 24, '05 
Univ. of Arkansas... Mar 25, '04 
Univ. of Colorado..Dec 16, '04 
Univ. of Michigan.. Mar 25, '04 
Univ. of Missouri...Jan 10, '03 
Univ. of Montana. . May 21, '07 
Univ. of Wisconsin.Oct. 15, '02 
Washington Univ...Feb 20, '04 
Univ. of Maine. . . . Dec. 26, '0б 
Worcester Poly. Inst. Mar.25,'04 


Name and when Organized. Chairman. 
SECTIONS. 

Atianta............Jan. 19, '04 | A. M. Schoen. 
Baltimore......... Dec. 16, '04 | J. B. Whitehead. 
Boston............ Feb. 13, '03 | H. E. Clifford. 
Chicago................. 1893 | P. B. Woodworth. 
Cincianati. Dec. 17, '02 | G. A. Wessling. 
Columbus......... Dec. 20, '03 | R. J. Feather. 
Ithaca............ Oct. 15, '02 | E. L. Nichols. 
Minnesota.......... Apr. 7, '02 | H. J. Gille. 
Pittsburg.......... Oct. 13, '02 | H. W. Fisher. 
Pittsfield... Mar. 25, '04 | J. 1nsull. 
Philadelphia....... Feb. 18, '03 | W. C. L. Eglin. 
San Francisco...... Dec. 23, '04 | C. L. Cory. 
Schenectady. ...... Jan. 26, '03 | D. B. Rushmore. 
Seattle............ Jan. 19, '04 | C. E. Magnusson. 
St. Louis. ......... Jan. 14, '03 | A. S. Langsdorf. 
Toledo. ........... June 3, '07 | W. G. Nagel. 
Toronto.......... Sept. 30, '03 | К. С. Black. 
Urbana....... ... .Nov. 25, '02 | Morgan Brooks. 


P. G. Burton. 


J. E. Snow. 

F. A. Fish. 

A. W. Lawson. 
C. M. Fisl.er. 


H. C. Bartholomew 


E. W. Nick. 

C. P. Matthews. 
W. P. Graham 
W. B. Stelzner. 
А. M. Gregg. 

C. M. Davis. 

H. B. Shaw 
Robert Sibley. 
F. M Conlee. 
A. S. Langsdorf 


L. W. Hitchcock 


Secretary. 


W. R. Collier. 
C. G. Edwards. 
C. H. Porter. 
H. R. King. 


A. C. Lanier. 
H. L. Backman. 
H. H. Norris. 
Barry Dibble. 


H. D. James. 
H. L. Smith. 
H. F. Sanville. 
A. H. Babcock. 
W. C. Andrews. 
W. S. Wheeler. 
J. H. Finney. 
Geo. E. Kirk. 
L. W. Pra:t. 
M. K. Akers. 


Philander Betts. 


J. E. Snow. 
Adolph Shane. 
M. T. Saldana. 
J. A. Thaler. 

F. E. Beutler 

S. W. Price. 

J. W. Esterline. 
R. A. Porter. 

K. A. Reed. 

Н. S. Buchanan. 


H. D. Carpenter. 
S. R. Inch. 

J. W. Shuster. 
W. E. Bryan 
Gustav Wittig. 


S. W. Farnsworth. 


Regular Meeting. 


2d Friday. 
3d Wednesday 


lst Tuesday after 


N. Y. meeting. 


lst Monday. 
lst Friday 


after 


N. Y. meeting. 


2d Monday 
N. Y. meeting. 


2d Tuesday. 
3d Thursday. 
2d Monday. 


2d Wednesday. 
3d Saturday. 
2d Wednesday. 


2d Friday. 
Ist Wednesday 
1st Thursday. 


3d Monday 

Ist Wednesday. 
3d Thursday 
Ist Friday. 


Every 
evening 


after 


Tuesday 


Every Wednesday 


Every Tuesday. 


Ist and 3d Thurs- 
days. 
1st & 3d Tuesdays 
15% and 3d Wednes. 
ays 
lst and 3d Wednes 
days 
lst and 3d Fridays 


Ist Thursday. 
4th Thursday, 
1st Wednesday 
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Section and University 


Branch Secretaries. 


AMES, IOWA.—ADOLPH SHANE, 
Iowa State College. 


ANN ARBOR, MICH.—C. M. DAVIS, 
1331 Hill St. 


ATLANTA, GA.—W R. COLLIER, 
463 North Jackson St. 


BALTIMORE MD.—CHAS. G. EDWARDS, 
Electrical Commission, City Hall. 


BETHLEHEM, PA.—M. T. SALDANA, 
Lehigh University. 


BOSTON, MASS.—C. H. PORTER, 
Dept. of Elec Eng., Mass. Inst. Technology. 


BOULDER, COLO.—H. S. BUCHANAN, 
University of Colorado. 


BOZEMAN, MONT.—J. A. Thaler, 
Montana Agricultural College. 


CHICAGO, ILL.—J. E. SNOW, 
Armour Inst. of Technology 


CHICAGO, ILL.—H. R. KING, 
Western Electric Co. 


CINCINNATI, 0.—4A. C. LANIER. 
University of Cincinnati. 


COLUMBIA, MO.—H. D. CARPENTER, 
University of Missouri. 


COLUMBUS, 0.—F. E. BEUTLER. 
Ohio State University. 


COLUMBUS, 0.—H L. BACHMAN, 
533 South 3d St. 


FAYETTEVILLE, ARK.—K. A. REED, 
University of Arkansas. 


ITHACA, М. Y.—H. Н. NORRIS, 
Pranklin Hall, Cornell University. 
LAFAYETTE, IND.—J. W. ESTERLINE, 
Electrical Eng. Dept., Purdue University. 


MADISON, WIS.—J. W. SHUSTER, 
University of Wisconsin. 


MISSOULA, MONT.—S. R. INCH. 
ORONO, MAINE.—Gustav Wittig. 
PHILADELPHIA PA.—H. F. SANVILLE, 


597 Drexel Bldg. 


PITTSBURG, PA.—H. D. JAMES, 


Westinghouse E. & M. Co. 


PITTSFIELD, MASS.—S. H. BLAKE, 
Stanley-G. I. Elec. Mfg. Co. 


ST. LOUIS, MO —W. E. BRYAN, 
Washington University 


ST. LOUIS, MO.—J. H. FINNEY, 
Nat'l Bank of Commerce Bldg. 


ST. PAUL, MINN.—BARRY DIBBLE, 
1317 Summit Ave. 


SAN FRANCISCO, CAL.—A. Н. BABCOCK, 
1216 Webster St., Oakland. 


SCHENECTADY, М, Y.—W. C. ANDREWS. 
General Electric Co. 


SEATTLE, WASH.—W. S. WHEELER, 
3120 East Union Street. 


STATE COLLEGE, PA.—S. W. PRICE, 
Pennsylvania State College. 


SYRACUSE, М. Y.—R. A. PORTER, 
Syracuse University. 


TOLEDO, OHIO.—GEO. E. KIRK, 
The Nicholas, 


TORON lO, ОМТ.—1.. W. PRATT. 
306 Stair Building. 


URBANA, ILL.—M. K. AKERS, 
University of Illinois. 


WASHINGTON, D. C.—PHILANDER BETTS. 
719 Metropolitan Bank Bldg. 


WORCESTER, MASS.—S. W. FARNSWORTH, 
Worcester Poly Inst. 


Local Honorary Secretaries. 


JAMES S. FITZMAURICE, 
210 George St., Sevdnev, N. S. W. 


H. F. PARSHALL, 
Salisbury House, London Wall E. C., London. 


ROBERT B. OWENS, 
McGill University, Montreal, P. Q. 


WM. B. HALE, 
Arco de San Agustin 8, City of Mexico. 


CLARE F. BEAMES, 
(for Porto Rico and West Indies,] 
an Juan, P. R. 
W.G T. GOODMAN, 
Adelaide, South Australia, 
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Standards Committee —Engi- 
neering Data, and Symbols. 


HE new Standards Committee has 

under consideration the prepara- 

tion of supplements for the recently 

adopted Standardization Rules in order 

that the rules and their appendices may 

be made of more use and value to engi- 
neers in general. 

It is believed that there is much engi- 
neering data which are not now con- 
venientlv accessible, which may be 
made readily available if published in 
connection with the Standardization 
Rules. Many of the Institute papers 
which have been presented in the past 
have contained data, often in tabular 
form, which will be much more useful 
if collected in the manner proposed 
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On the other hand, there are new and 
special subjects which are continually 
coming to the front in the practice of 
the engineering profession, and the data 
of which have not found a place in ordi- 
nary text-books and handbooks, but 
which would be acceptable in the col- 
lection which could be made by the 
Standards Committee. Members may 
have at hand, curves, short methods, 
empirical formulas, and special data 
which may be of considerable value, 
but not of sufficient magnitude or im- 
portance to be presented in an Institute 
paper. The proposed method will be 
well adapted for these data. 

This is a matter upon which the com- 
mittee must have the coóperation of 
the membership at large. If it receives 
such coóperation it can probably 
accomplish useful results. If, however, 
no move is made upon the part of the 
members to coóperate in this matter, 
the committee may conclude that the 
lack of interest indicates that the matter 
is not of sufficient importance to justify 
much effort on its part. 

The Standards Committee is also 
considering the utility of bringing to- 
gether symbols ordinarily used in text- 
books, in the technical press by engi- 
neers, manufacturers, contractors, and 
others, and by the Patent Office, in 
order to make these symbols available, 
and to do what may be found practi- 
cable and expedient in systematizing 
and standardizing these symbols. As- 
sistance from the members is requested. 

Comment, suggestions, and assistance 
along the lines above indicated will be 
acceptable to the committee, and may 
be addressed to the secretary of the 
Institute for the attention ot the 
Standards Committee. 


Annual Convention Papers. 


"THE number of papers offered at the 
annual convention of the Institute 


‚15 growing rapidly from year to year. 


As a consequence the editing and print- 
ing of the advance copies is becoming 
more and more difficult, as most of the 
manuscripts are not submitted until a 
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very late date. This condition is not 
only unfair to the editing staff, but also 
defeats one of the main objects of the 
advance copies— to give opportunity 
for consideration of the papers in ad- 
vance of the convention. 

The Meetings and Papers Committee 
is considering the advisability of setting 
some date in April after which it may 
refuse to receive manuscripts for the 
convention. Any person contemplating 
the presentation of a paper at the con- 
vention should take note of this and 
assist the committee and the editorial 
staff by preparing and submitting his 
manuscript during the winter months. 


University of Illinois. 


THE New York meeting of November 

8 was enlivened by the attendance 
of a party of engineering students from 
the University of Illinois, ciceroned 
by Professor Morgan Brooks. The visit 
to New York was so timed that three 
days were spent in the city, and many 
interesting engineering 
were inspected, some of them finished 
and in operation, while others were in 
process of construction. These prospec- 
tive young engineers were therefore en- 
abled to appreciate the importance of 
their future work, and the nature of the 
responsibilities to be incurred. The en- 
tire tour was calculated to cover as many 
branches of engincering as possible, and 
there can be little doubt of its perma- 
nent advantage. It is practically im- 
possible to estimate this value in dollars 
and cents, which is supposed to be the 
standard that should be used. Each one 
of the party has, however, received im- 
pressions which will form a most inter- 
esting feature of his future store of 
recollections, which will remain his per- 
sonal and individual possession through- 
out his active life. Among tbe more 
interesting features of the trip following 
immediately after the stay in New York, 
was the sea vovage bv tbe Old Do- 
minion line to Norfolk, and a reception 
by President Roosevelt at the White 
House. 


undertakings | 


[Nov. 


Coming Meetings. 


MEETING OF THE INSTITUTE AT NEW 
YorK, DECEMBER 13. 1907. 


HE two hundred and twenty-third 
meeting of the Institute will be 
held in the auditorium of the Engineers' 
Building on Friday, December 13, 1907, 
at 8:15 p.m. The duplex stoker boiler, 
with the results of a test, will be de- 
scribed by Mr. Walter S. Finlay, of the 
Interborough Rapid Transit Company, 
With this apparatus a greatly increased 
output can be obtained from a boiler. 
Other papers relating to the steam en- 
gineering side of a modern power plant 
will also be presented at this meeting. 


At the meeting on January 10th 
there will be papers on single-phase dis- 
tribution, by W. S. Murray, electrical 
engineer of N. Y., N. H. and H. R.R.. 
and by Gerard B. Werner of New York: 
also a paper on “A New Sirgle-phase 
Railway Motor,” by Ernst Alexander- 
son, Electrical Engincer, General Elec- 
tric Co., Schenectady. 


ILLUMINATING ENGINEERING SOCIETY. 


HE next mectirg of the New York 
Section of the Illuminating Ergi- 
neering Society will be held at the En- 
gineers' Building, 33 West Thirty-ninth 
street, New York, on Thursday evening. 
December 12, 1907. А paper entitled 
“The Relation of Architectural Prin- 
ciples to Illuminating Engineering Prac- 
tice " will be presented by Mr. Bassett 
Jones, Jr. 


PITTSFIELD SECTION 


Lee meeting of December 5 is ex- 

pected to be devoted to the preser- 
vation of forests, with particular atten- 
tion to its beneficial influence on the 
supply of water power for the genera- 
tion of electricity. Mr. William Stanley 
of Great Barrington has been invited to 
address the Section on December 20. 
Early in 1908 a social meeting will prob- 
ably be held. Members in Western 
Massachusetts sould endeavor to at- 
tend some of these meetings. 
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Apprenticeship Course at 
the Bullock Electric 
Manufacturing Come 
pany.* 


During the senior year much was 
done to impress upon the students the 
desirability of an apprenticeship course. 
The professors recommended it, the 
technical press, and especially the 
representatives of the manufacturing 
companies urged it. After some con- 
sideration, for certain peculiar reasons 
I decided to take the course as offered 
by the Allis-Chalmers Company at 
their Cincinnati plant. 


My application was accepted, and I 
left Worcester Wednesday, June 27, 
1906 for Сіпсппал. I arrived there 
the next day about 2 p.m. and knowing 
that the company's plant was not lo- 
cated in the city, I put up at a hotel. 
It was at this hotel I made my first 
acquaintance with Cincinnati water. 
It is said that in Cincinnati everybody 
drinks beer. 


That evening I took a trolley ride 
out to Norwood to locate the shops. 
It was a fine ride, taking one from 
Fountain Square, the business center 
of the city, up the Mount Adams in- 
cline through Eden Park and a very 
fine residential district beyond, the end 
of the line being about 40 minutes' 
ride from the city. 

I might say in passing that many 
of the inclines in Cincinnati are so 
steep that the cars have to be drawn 
up by means of cables. From any of 
these inclines a magnificent view of the 
city can be obtained. From this par- 
ticular one you are not only able to 
obtain a fine view of the city but can 
see up and down the river with its four 
bridges crossing over into Covington 
and Newport, Kentucky. Last winter 
this place was the vantage point 
where thousands watched, during the 
floods, that fascinating yellow torrent 
of water that carried destruction with 
it. Here also are located the famous 


*^ paper read at a meting of the Worcester 
Polytechnic Institute Branch, October 29, 1907. 
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Rockwood pottery plant and the Cin- 
cinnati art museum. 

I had arrived at the end of the line 
without seeing the shops, but on the 
return trip the car ran for a short 
distance on another track, and in pass- 
ing a very large building of buff-colored 
brick, I looked out and saw high up on 
the wall “ Bullock ". I could not but 
express my surprise at the appearance of 
the buildings and their surroundings. 
It was an agreeable surprise. 

The next morning I returned to 
Norwood and saw Mr. A. C. Wessling 
who has charge of the apprentices. In 
the employment office I obtained a map 
of the town and then started out to 
find room and board. I found it quite 
difficult to get a room, but after about 
three hours I found a very pleasant one 
with a German family. My room was 
located about ten minutes’ walk from 
the shop and about five minutes’ from 
the boarding house. The rates were 
very reasonable, $2.00 a week for a 
room and $3.50 a week for board. 

The Bullock plant is located at the 
junction of two railroads, the Balti- 
more & Ohio and the Cincinnati, Leb- 
anon & Northern. There are about 
eight buildings known as shops No. 1, 
No. 2 and No. 3, the service buildings, 
administration building, pattern shop, 
foundry, and Klondike, besides several 
small outlying buildings. Klondike is 
a storage building away in the rear and 
devoid of heat. 

I started to work Monday morning, 
July 2 in the controller department. 
The departments that comprise the 
apprenticeship course are as follows: 

The controller, the commutator, the 
winding, assembly No. 1 and No. 2, 
bill of material, test, sales, and engi- 
neering. The course, however, followed 
no rigid plan and probably no two stu- 
dents would have the same course. 
Some departments you would never 
be in at all, and once you reached the 
test you would stay there an indetermi- 
nate length of time. Vacancies in the 
sales department were filled by men 
from the testing department. 
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From 12 to 18 weeks was the usual 
time spent in each department. I spent 
the first 12 weeks in the controller de- 
partment. Here they build controllers 
and potential starters and also do their 
detail work. ; 

From the controller department I 
went to the winding department where 
I stayed 20 weeks, this time being 
used in doing different kinds of work. 
I wound vertical induction motors until 
I was tired of them, and every time 
l see one now it makes me think of the 
first one I wound. From the winding 
department I went to assembly No. 1 
where they assemble, for test, machines 
of about 200 kw. and less. Here I 
stayed 12 weeks, the first four as a 
helper, and the greater part of the re- 
maining time I had a helper. The 
work in the assembly often made me 
think of a load-curve on some power 
plants, the peak coming on about 
four o'clock in the afternoon, often- 
times resulting їп а not unwelcome 
overtime pass, while at other periods 
we would move around or chip away at 
pedestals in order to look busy. 

The remainder of the time I was with 
the company was spent in the testing 
department on the night shift. While 
the night time is not favorable for doing 
good work, I think I obtained тоге 
‘experience than I would on the day 
shift an equal length of time. Any- 
way the pay-slip was heavier. 

There was, as a rule, except in the 
test, never more than two or three 
students in the same department at 
the same time. At the time I entered 
the emplov of the company there were 
about 25 of us. When I left there 
were about 12 or 15. 

The students were from all parts 
of the country— North, South, East, 
‚апа West. There being so few of us 
we became well acquainted, and our 
club meetings were as a rule very 
pleasant affairs. We discussed all top- 
ics at our meetings, nearly everyone 
giving at first his thesis in abstract. 
We also had at various intervals talks 
by diflerent men of the engineering 
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department. The engineers seemed al- 
ways willing to address the students at 
their meetings, and also to answer any 
questions when in the shops. 

In general the attitude of the men in 
the shops was to assist rather than 
hinder the student. Many tried, of 
course, to give the students the heav- 
iest and dirtiest work, but if the student 
did his share this was the exception 
rather than the rule. - 

Taken as a whole, therefore, I can 
say that my year with the Allis-Chal- 
mers Company was agreeably and profit- 
ably spent. 


Sections and Branches 


ARMOUR INSTITUTE OF TECHNOLOGY 
BRANCH 


The meeting of October 24 was 
called to order at 7:40 p.m. with Mr. 
T. €. Oehne Jr. presiding. After the 
usual routine business, Mr. Souther 
read the report of the committee on 
furnishing the new A.J.E.E. rooms in 
Chapin Hall, and an assessment was 
levied on each member for that purpose. 
The time of meeting was changed to the 
first and third Thursdays of every 
month to avoid conflicting with the 
Civil Engineering. Society. At the 
suggestion of Mr. Nichols, a committee 
was appointed to arrange for a banquet 
to promote better acquaintance be- 
tween the juniors and seniors of the 
Branch. 

Mr. Souther then read his paper on, 
the '' Selection of a Proper System for 
an Electric Railway ". This paper dealt 
particularly with the electrification of 
the Rock Island between the Chicago 
terminal and Blue Island. The paper 
opened with an outline of the systems 
in use on various electrified roads. 
Some of the main points taken up were: 
motor-cars versus locomotives: effect 
of schedule upon selection of motors; 
phase, voltage, and distribution of 
alternating-current and direct-current 
systems. Then followed  climination 
exercises due to existing conditions 
assumed. It was decided to adopt 
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high-tension direct-current locomotives 
for present equipment, to be gradually 
replaced. by motor-cars suitable for 
multiple-unit control on a third-rail 
svstem. 

After reading the paper, Mr. Jacobson 
gave Westinghouse estimates on the 
relative initial cost of direct-current 
and  three-phase  alternating-current 
installations. 

Mr. Simpson spoke of the difficulty 
in locating the third-rail because of the 
small amount of clearance between the 
track and the webs used on street 
viaducts. 

Professor Radtke gave some of the 
points of superiority in both alternating- 
current and direct-current systems, and 
explained the skin-effect found in the 
third-rails carrying an alternating cur- 
rent. 


The meeting of October 31 was called 
to order at 7:45 p.m., vice-chairman 
T. C. Oehne, Jr. presiding. 

Mr. Nichols presented a paper on 
" Equipment and Operation of Direct- 
Current and Alternating Current Sub- 
stations of the Commonwealth Edison 
Со.” 

Mr. Nichols first took up the general 
considerations governing the location 
of sub-stations and the methods of dis- 
tributing power in alternating-current 
and direct-current districts. A general 
description of the apparatus was given 
and a comparison drawn between differ- 
ent types, especially between the 
vertical and horizontal types of motor- 
generators. The paper gave a detailed 
description of the arrangement of the 
equipment of a typical sub-station 
with the operation of its storage-battery 
adjunct. 

Mr. Nichols concluded by giving 
methods of starting motor-generators 
and synchronous converters, explaining 
some of the types of regulators used. 

A lively discussion followed, and 
many interesting and valuable points 
were brought out by questions on the 
paper. The author explained by dia- 
grams. portions of the sub-station wiring 
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for special apparatus. The subject of 
the storage-batteries in their relation 
to sub-station work was discussed. 
Mr. Nichols gave diagrams of several 
safety devices. 

A vote of thanks was given the author 
for the excellent manner in which he 
treated his subject. 


ARKANSAS BRANCH 


А meeting of this Branch was held 
October 14, M. F. Thompson presiding, 
with a total attendance of 14. M. F. 
Thompson was elected president, and 
C. R. Rhodes secretary, for the year. 
Meetings will be held on the first and 
third Mondays of every month. | 

The meeting of October 21, .Mr. 
Thompson presiding, had an attendance 
of 12. An Institute paper on ''Stand- 
ardization of Fuses, '"" was read by C. К. 
Rhodes, and discussed by the members. 


BALTIMORE SECTION 


A meeting of this Section was held 
October 11, at Johns Hopkins Univer- 
sity, J. B. Whitehead presiding, with a 
total attendance of 16. This meeting 
being the first of the season 1907-08, 
was largely devoted to a discussion of 
the plans and program for the year. 
The report of Mr. Charles G. Edwards, 
the delegate to the annual convention 
at Niagara Falls, was read and adopted. 
The papers of the current New York 
meeting were discussed. R. W. Wood, 
Professor of experimental physics, Johns 
Hopkins University, read a paper on 
the ‘ Possibilities of the Substitution 
of an Allov of Metals for Copper.” 


Boston SECTION 


At the regular meeting of the Boston 
Section of the American Institute of 
Electrical Enyineers held on October 
16, 1907. the annual election of officers 
took place with the following results: 


William L. Puffer, chairman; 

A. E. Kennelly, vice-chairman; 

C. H. Tapping. secretary and treas- 
urer. 


` Executive committee: 

J. W. Corning, 

G. S. Gibbs, 

G. C. Shaad, 

I. F. Vaughan, 

J. B. Wiad. 

The diversity of electrical concerns 
represented above will probably suggest 
that the nominating committee gave 
some thought to their task. The re- 
sults, it is hoped, will speak for them- 
selves. 

This executive 
meeting on Friday evening, Oct. 25, 
with all of the members present but 
one. It is the purpose of this com- 
mittee to meet once a month at least, 
on the Friday immediately following 
the regular monthly meeting of the 
Boston Section. 

At the meeting on Friday, Oct. 25, 
arrangements were completed for the 
meeting of Nov. 20, and arrangements 
are under way for the meeting of Dec. 
18. It is the purpose of each member 
of this committee to have present at 
each meeting some men well posted on 
the subject of the paper to be pre- 
sented, for the purpose of discussion. 
| We have in mind the idea of alterna- 

ting—one month an original local paper, 
the next month an abstract of the most 
recent paper presented at the New 
York meeting. 

The matter of changing the date for 
the annual election is to be put before 
the Section on Nov. 20. 


CINCINNATI SECTION 

А regular meeting of this Section was 
held at the Grand Hotel, October 24. 
An address was delivered by Chas. E. 
Lord, patent attorney. and manager 
of the patent department of the 
Bullock Electric Manufacturing Com- 
pany, entitled: " The Electrical Engi- 
neer-Inventor: Some of the Patent 
Pitfalls which Beset Him ”. 


CLEVELAND SECTION 
The credit for starting the move- 
ment to organize the Cleveland Section 
primarily to H. B. 


is due Messrs. 
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Dates and C. W. Ricker, who about 
September 1, 1907, communicated with 
nine other Cleveland members, with 
reference to a petition to the Institute 
to form a Section. This petition was 
forwarded to the Board of Directors 
on September 25, the original signers 
being Messrs. H. B. Dates, C. W. 
Ricker, Geo. B. Dusinberre, F. F. 
Rossman, E. P. Roberts, Bret Harter, 
C. E. F. Ahlm, C. E. Reid, and J. C. 
Lincoln. 

Permission to organize being ob- 
tained, a call signed by the above was 
sent to the Members and Associates 
in Cleveland and its vicinity on Oc- 
tober 23, to meet on the evening of 
October 28. at the electrical engineering 
building of the Case School of Applied 
Science. Fifty-one Members and Asso- 
ciates and two interested outsiders re- 
sponded. Professor Dates took charge 
of the meeting and A. M. Allen was 
appointed temporary chairman. After 
giving a short history of the move- 
ment, Mr. Allen appointed as a com- 
mittee to frame a set of by-laws, 
Messrs. Ricker, Dates, Ballard, Kent, 
and Harter. 

Paul Spencer. of Philadelphia. chair- 
man of the Sections Committee was then 
introduced and gave a very interesting 
and instructive talk on the general 
outline and policy of local organizations. 
laving special stress on the fertile field 
in Cleveland and its vicinity for a 
thriving Section, and the desire of the 
Institute to enlist the interest of voung 
technical men, quite a number of whom 
Were present from the Case school. 

The report of the committee on by- 
laws was accepted after much dis- 
cussion, the question of admission of 
non-Institute members being left to a 
subsequent meeting. The time of regu- 
lar meeting shall be the third Mondav 
in everv month, at 8 p.m. The place. 
the electrical engineering building of 
the Case School of Applied Science. 
The use of this building was very kindly 
donated by Professor Dates. 

The -byv-laws being adopted. the 
following were elected: president H. В. 
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Dates; secretary and treasurer F. М. 
Hibben; managers C. W. Ricker, А. C. 
Eastwood, and C. E. F. Ahlm; the above 
constituting an executive board for 
management. 

President Dates taking the chair, 
after a few words appointed as a com- 
mittee on non-Institute membership, 
Messrs. Dusinberre, Wallau, and Steiner. 
After a vote of thanks to Mr. Spencer 
for his trouble in coming on from Phila- 
delphia, and to Professor Dates for the 
use of the building, there being no fur- 
ther business, the meeting adjourned. 

The executive committee met on 
November 4 and appointed the follow- 
ing committees: meetings and papers 
committee; C. W. Ricker, J. C. Lincoln, 
R. I. Wright, H. L. Wallau, S. E. Doane, 
C. E. Reid, and J. R. Wilson. Com- 
mittee on finance: E. P. Roberts, 
A. F. Adams, and А. M. Allen. The 
question of an informal dinner before 
each meeting was favorably discussed. 
Action will be taken at the next regular 
meeting. 

In general the Cleveland Section feels 
greatly encouraged by the large number 
of charter members and the prospects 
for a thriving organization. 


CORNELL UNIVERSITY BRANCH 

The regular meeting of the Cornell 
University Branch was held in the 
Sibley library on Friday, Nov. 1, Chair- 
man E. L. Nichols presiding. А letter 
from the A.I.E.E. committee on forest 
preservation was read. А special com- 
mittee to select the proper evening tor 
meetings was authorized, and the local 
membership committee was increased to 
eight members (two from each class) in 
addition to the chairman. А special 
committee was organized to audit the 
treasurez's accounts for the preceding 
vear. 

The program consisted in the presen- 
tation of abstracts of the New York 
papers of Oct. 11 as follows: 

“The Grounded Neutral, with and 
without Series Resistance, in High- 
Tension Systems ", by P. M. Lincoln, 
abstract by J. E. Thomas. 
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'" Experience with a Grounded Neut- 
ral on the High-Tension System of the 
Interborough Rapid Transit Co. '", by 
С. I. Rhodes, abstract by Н. W. Smith. 

‘Experience with the Grounded 
Neutral '", by F. G. Clark, abstract by 
D. H. Braymer. 

The presentation of the abstracts was 
followed by a discussion upon a number 
of practical aspects of the problem. 

The work of the local Branch has 
been carefullv organized for the coming 
year with committees on programs, 
membership, and entertainment. All of 
these committees are actively at work. 
The membership committee has already 
enrolled nearly one hundred students, 
who with the local membership form a 
Branch nearly as large as that at the 
end of last year. The Branch occupies 
a distinct place among the student 
organizations and performs a most use- 
ful function. The membership commit- 
tee has issued a small folder, a сору of 
which may be cbtained frcm the 
secretary. Тһе program committee 
has definite dates arranged for some 
time in advance, with tentative plans 
for the entire year. The entertain- 
ment committee will have at its 
disposal the proceeds of the local assess- 
ment of $1.00 per member, which will 
enable them to provide simple refresh- 
ments when necessarv. А special form 
of receipt for the local dues has been 
prepared. / 


MiNNESOTA SECTION 

The Minnesota Section met October 
28, 1907, at the otfices of the St. Paul 
Gas Light Co., Henry J. Gille presiding. 

Truman Hibbard of the Electric Ma- 
chinerv Co. abstracted the Niagara 
Falls paper by А. Н. Armstrong on 
“ Single-phase versus Three-phase Gen- 
eration for Single-Phase Railways ”. 
In commenting upon the paper, Mr. 
Hibbard stated that a three-phase 
generator should be able to pive an 
output of 75 to SO per cent. of its three- 
phase rating when operated single 
phase. He also stated that in nearly 
every case three-phase generators should 
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be installed, inasmuch as a three-phase 
machine would cost only one or two 
per cent. more than a single-phase ma- 
chine wound on the same frame and 
of 75 per cent. of the three-phase 
rating. 

W. T. Ryan abstracted the recent 
Institute papers on ‘ The Grounded 
Neutral ", after which J. C. Vincent 
explained the installation of the Twin 
Citv Rapid Transit Co. consisting of a 
three-phase transformer connected Y 
on the high-tension side (13,000 volts) 
and А on the low-tension side. The 
neutral point of the Y was then 
grounded through a six-ohm resistance. 
Three-phase relavs were installed. on 
each feeder. 

Seventeen members and ten visitors 
were present. 


UNIVERSITY OF MissouRni BRANCH 

This Branch held a meeting Novem- 
ber 1, at Columbia, Mo., Н. В. Shaw 
presiding, with an attendance of 17. 
The subject of the evening was the 
Institute papers on ‘ The Grounded 
Neutral ”. 


PITTSBURGH SECTION 

This Section held a meeting Novem- 
ber 6. at the lecture hall of the Carnegie 
Institute. P. M. Lincoln presented an 
abstract of his original paper on " The 
Grounded Neutral’, which was after- 
ward discussed by R. P. Jackson, from 
a protection standpoint; by E. B. Tuttle, 
from the telephone company’s stand- 
point; and by W. E. Moore, from an 
operating standpoint. Preceding the 
meeting. members and friends met for 
an informal dinner in the Nixon Grill. 


PITTSFIELD SECTION 
The Fittsfield section of the American 
Institute of Electrical Engineers was or- 
ganized three vears ago with a member- 
ship of approximately twenty. Its 
mectings since that time, held at regular 
intervals during the winter months, 
have proved of much benefit to those 

who have been able to attend. 
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The management this year beleve 
it advisable to broaden the scope of 
the organization so as to make it possi- 
ble for all who are in any way interested 
in engineering work to share its benefits. 

It has therefore been decided to pro- 
vide three classes of membership as 
follows: 

“ Regular '"—including Members and 
Associates of the Institute. No charge 
will be made to this class of members. 

“ Local "—-To include all others ex- 
cept Students who wish to associate 
themselves with the local Section and 
yet are not regular members of the 1п- 
stitute. Yearly dues $1.50. 

“ Student '"—'This class, as the name 
indicates, provides for students who 
are interested in engineering work. 
Yearly dues are $1. 

The management is already in cor- 
respondence with a number of out-of- 
town men who are high up in their re- 
spective lines and is endeavoring to 
provide a series of meetings which no 
one can айога to miss. In addition 
to purely technical meetings, it is also 
intended to introduce occasional meet- 
ings of a more social nature, which 
wil enable the members to become 
better acquainted. 

Applications for membership may be 
handed to anv member of the com- 
mittee. 

Membership Committee: Н. W. Tobey, 
chairman, I. P. Thompson, H. L. Barn- 
holit, С. R. Blakely, W. S. Williams, 
A. W. Townsley, W. M. Ackerman. 

The first meeting was held in the Wen- 
dell Hotel parlor on Saturday, Novem- 
ber 2, '07, at 8:15 p.m. The speaker 
for the evening, Mr. D. B. Rushmore, 
Engineer Power & Mining Department, 
General Electric Co., Schenectady. 
Mr. Rushmore was the founder of the 
local Section, therefore it was particu- 
larly appropriate that he should address 
the opening meeting of the vear. 

The second meeting was held Thurs- 
day, November 14, and was address- 
ed bv Mr. Н. H. Barnes, Jr. Mr. 
William Stanley has promised to ad- 
dress the Section at an early date. 
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PURDUE UNIVERSITY BRANCH 

This Branch held a meeting October 
22, at the Electrical Building, Purdue 
University, Mr. Webb presiding, with 
a total attendance of 48. The subject 
was ' The Apprenticeship Course of 
the Westinghouse Electric and Manu- 
facturing Company ; discussed by 
Messrs. Benbow and Flanigan. 


TorEpo SECTION 

The November meeting of the Toledo 
Section of the American Institute of 
Electrical Engineers, held Saturday 
evening, Nov. 2, 1907, at the Y.M.C.A. 
Auditorium, with an attendance ap- 
proaching 200, notwithstanding the 
night was gloomy and threatening rain, 
is a testimony to the high quality of the 
speaker obtained for this, the sixth 
meeting of the Section. 

The Section feels most grateful to 
Royal D. Tomlinson, a non-member, for 
the prestige thus extended to this new 
Section by his kindly granting the re- 
quest made of him by the Secretary, 
Geo. E. Kirk. 


Beginning the address by explaining , 


views of the 96th St. power station, 
New York City, which was the first 
large alternating-current installation, 
besides the exterior, floor plans and 
sections were exhibited on the screen 
that the positions of the boilers, coal 
storage, ash disposal, and engines might 
be made clear. 

Many pictures of plants under con- 
struction brought out detiils of the ma- 
chinery as well as methods adopted in 
assembling the apparatus. 

Among the problems to be solved at 
one of the New York stations of which 
Mr. Tomlinson formerly had charge, 
was the provision of a lubricating svstem 
having ample filtration capacity. This 
was worked out by permitting the oil 
filtering from the sacks to flow into 
either of two compartments which were 
connected in series with several other 
divisions in such a manner that oil 
passed upward and downward. The 
exhaust from the circulation pump 
heated the oil to aid in precipitation, 
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thus automatically supplying the heat- 
ing coils according to the oil circulated. 
For cleaning, the compartments were 
so arranged that the flow might by- 
pass any compartment. 

As to the ho:izontal vertical Manhat- 
tan type of compound engine, several 
views were shown, especially with the 
crank-pin 18-in. in diameter and 18 in. 
long upon which the two piston rods 
operate. Furthermore, the rotor of 
the generator serves as engine flywheel. 

In conside:ing exhaust-pipe design, 
emphasis was given to designing with 
ample capacity owing to the great 
rapidity with which the volume of 
steam increases At low pressures. 
Illustrative of the importance of this 
detail, tests of losses and how they are 
Overcome were gone into. 

The subject of turbines was given 
attention, views of installations of 
Curtis, Westinghouse, and Allis-Chal- 
mers machines being shown. Sectional 
views of the latter two turbines were 
given, showing the disposal of balance 
pistons. In the Westinghouse ma- 
chine these large disks are all at the 
high-pressure end, while in the Allis- 
Chalmers turbine the balance piston for 
the last stage is at the exhaust end, not 
only producing a more compact con- 
struction but simplifying the design of 
pressure pistons as to temperature 
differences. 

Detail views were given showing the 
manner of attaching the blading of the 
Westinghouse turbine to the cylinder 
and rotor, and the manner. of holding 
the outer ends of blades, while the 
calking of blading sections having outer 
ends locked in baffle strip or channel 
as used in Allis-Chalmers was fully 
shown. 

That gas engines are entering power- 
stations in the shape of units of large 
size was indicated by views of several 
plants. Several pictures of a Cali- 
fornia station having a large gas 
engine, were thrown on the screen. 
The Nurnberg engine in German plants 
the large Allis-Chalmers gas engine at 
McKeesport, Pa.. plant of the National 
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Tube Co., and another at the Illinois 
Steel Co., Chicago, in course of erection, 
were shown. Some of these units have 
a rating upward of 5,000 horse power. 

In closing, a view of the mammoth 
West Allis works of the Allis-Chalmers 
Co. was thrown upon the screen, the 
conception of which great undertaking, 
as well as many successes in fearlessly 
undertaking numerous difficult prob- 
lems, especially in design of large steam 
engines, was attributed to the veteran 
engineer, Mr. Edwin Reynolds. 

Mr. К. D. Tomlinson is supervising 
operating engineer of Allis-Chalmers 
Co., mechanical engineer in charge of 
the condenser department, Allis-Chal- 
mers Co.; was formerlv chief operating 
engineer of the Interborough Rapid 
Transit Co., New York City; and was, 
in 1905, President of the National As- 
sociation of Stationary Engineers. 


URBANA SECTION 

The regular monthly meeting was 
held Oct. 16, at 7 p.m. in the Electrical 
Engineering Building of the University 
of lllinois. The lecture room was 
lighted by five tungsten lamos using 
about 200 wattsinall. The usual illum- 
ination of this room is bv fifteen carbon 
lamps that consume about 840 watts. 

The papers presented at the last New 
York meeting were read and a general 
discussion followed. Professor Brooks 
illustrated by model some effects which 
may be produced by grounding an al- 
ternating-current circuit through re- 
sistance and through inductance. 

Мг. Armstrong stated that the 
Illinois traction system operated with- 
out grounded neutral. He told of 
experiences that lead him to believe 
the resistance of earthed plates was so 
great that the addition of a small series 
resistance had little effect. Mr. Dovle 
related some interesting experiences 
with grounds on a high-potential long- 
distance circuit 1n California. 


SEATTLE SECTION 
The Institute members and their 
friends from Seattle. Spokane, and Elec- 
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tron, Washington, and Butte, Mont., 
assembled at the Spokane Hotel, 


Saturday, June 15, 1907 at lla.m. Ап 
hour was spent in getting better ac- 
quainted and then all repaired to the 
Silver Grill for luncheon. After luncheon 
a trip was taken to Liberty Park and 
the frequency-changing station of the 
Spokane and Inland Railway svstem. 


Four 1000-kw. units are required 
here. Each consists of three separate 


machines, all mounted on the same 
base plate with flange couplings between 
adjacent rotating elements. 

The single-phase, 2200-volt genera- 
tors (25 cycle revolving field) are 
coupled at one end to a 1000-h.p. three- 
phase 60-cycle, 4000-volt 500 rev. per 
min. induction motor. 

A 750-h.p., shunt-wound, 550-volt, 
direct-current machine is coupled on at 
the other end. This acts as a load 
balance for the induction motor, and 
thus makes a desirable load on account 
of the peaks being almost ‘entirely 


. eliminated. 


The direct-current machine charges 
and discharges a storage - batterv 
through a booster svstem, and is the 
first system of the sort applied to 
alternating-current railroading. 

From here the party was escorted to 
various sub-stations, repair shops, etc., 
in Spokane. 

After dinner a meeting was held in 
the new office building of the Washing- 
ton Water Power Co. at which 15 
members and 5 visitors were present. 

À vote of thanks was extended the 
Spokane members for their successful 
efforts in entertaining the visitors. 

The next morning a trip was taken 
over the Spokane and Inland single- 
phase system of railways to Waverly, 
where one of the transformer stations 
was inspected. This is the entrance to 
the Palouse wheat countrv. 

Upon our return we were entertained 
by the Spokane members at the Spokane 
Club, and in turn we enjoved their 
presence at lunch in the Silver Grill. 

In the afternoon a trip was taken to 
Post Falls, Idaho, over the Coeur d' 
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Alene and Spokane Electric Railway, 
to view the largest bear trap dam in the 
world, and to see the large power plant 
of the Washington Water Power Co. 
at that location. 

The single-phase svstem of the Spo- 
kane and Inland Railway consists of 


about 125 miles of track, requiring 
eleven transformer stations. А 45,000- 
volt single-phase transmission line 


parallels the track separate from the 
trollev structure. 

The trolley construction is of standard 
single catenary, single-arm type, for a 
working potential of 6,600 volts. The 
construction is excellent. | 

The electrical equipment for each 
motor passenger car consists of four 
100-h.p. single-phase motors, complete 
with both alternating - current and 
direct - current multiple-unit pnéu- 
matic, control and опе auto-trans- 
former of the oil-insulated, self-cool- 
ing tvpe. 

The trolleys for alternating-current 
service are of the pneumatically oper- 
ated pantagraph type. Wheel trol- 
levs with base insulated for 6600 volts 
are also supplied. 

The cars run under a 500-volt direct- 
current trollev in Spokane and a 6,600- 
volt alternating-current trolley outside 
of the citv limits. 

Six 50-ton locomotives, each equipped 
with four 150-h.p. single-phase motors 
are supplied for freight service. 

Out-of-town members left Spokane 
Sunday evening and Monday after 
spending a couple of very enjoyable 
days due to the courtesy of the 
Spokane members. 


SYRACUSE UNIVERSITY BRANCH 

The second October meeting was 
held Thursday evening, October 24, 
1907. Seventeen members and six- 
teen visitors were present. The stu- 
dents of the University and the local 
members of the Institute are taking a 
very active interest in the work of the 
Branch. The discussion at this meet- 
ing was on the Institute papers, '' The 
Grounded Neutral ". К. E. Allen, '08, 
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abstracted the papers and led the dis- 
cussion. Messrs. Graham, Bond, Blake- 
slee, Brown, Mason, Strong, Mott, and 
Myers took part in the discussion. 

_On the evening of November 7, 1907, 
H. J. Blakeslee read a paper on '' The 
Work of the Bureau of Gas and Elec- 
tricity of the City of Syracuse ". Mr. 
Blakeslee is superintendent of this 
bureau. The bureau was organized to 
carry out the provisions of the Ham- 
топа Bill, passed Ъу the last Legisla- 
ture. This bill provides for the su- 
pervision of the gas and electric service 
in Syracuse by an official of the city 
appointed for that purpose. 

In spite of a severe storm which pre- 
vailed, the attendance at this meeting 
was twenty-eight. 


WASHINGTON UNIVERSITY BRANCH 


A meeting of this Branch was held 
October 17, W. A. Burnet presiding, 
with a total attendance of ten. Pro- 
fessor Langsdorf, Mr. Wirdler, and Mr. 
Glauber were appointed to draw up by- 


laws. Mr. Burnet was elected chair- 
man; Mr. Glauber, vice-chairman, and 
Mr. Beatty was elected secretary- 
treasurer. 


A meeting held October 23, at Wash- 
ington University, W. A. Burnet pre- 
siding, had a total attendance of 13. 
The by-laws were read and adopted; 
after which the meeting was devoted to 
a discussion of the oscillograph. 


By-Laws WASHINGTON UNIVERSITY 
BRANCH AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 


I. Name 
Under the Constitution of the Ameri- 
can Institute of Electrical Engineers, 
and pursuant to authorization of its 
Board of Directors February 26, 1904, 
this Washington University Branch of 
the American Institute of Electrical 

Engineers is organized. 


II. Officers 
The officers of this Branch shall be 
a chairman, vice-chairman, and secre- 
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tary-treasurer. These officers shall con- 
stitute ап. executive committee whose 
duties shall include the preparation of 
programs or meetings. 


1. Election. of otficers. The mem- 
bers of the Branch shall vote by ballot 
for the three officers above named. 

2. Term of office. The chairman 
and vice-chairman shall be elected at 
the last regular meeting in the month 
of May, and shall hold office for the 
following academic year. The secre- 
tary-treasurer shall be elected at the 
first regular fall meeting, and shall hold 
office for one year. 

3. The executive committee shall 
meet whenever called by the chairman. 


III. Meetings 

The Branch shall meet on the after- 
noons of the second and fourth Wednes- 
day of each month during the academic 
year, holiday periods excepted. Special 
meetings may be held at the call of the 
chairman or of апу five members. The 
place of meeting shall be Room 202, 
Cupples Hall No. 2, unless otherwise 
specified. 


IV. Quorum 
Seven members shall constitute a 
quorum for the transaction of business. 


V. Dues 
Membership dues shall be ten cents 
per month. Special assessments may 
be levied by a majority vote of those 
present at any regular meeting. 


VI. Government 

In deciding questions of government 
of the Branch and procedure therein, 
the Constitution of the Institute the 
By-laws of the Institute. the By-laws 
of this Branch, and Roberts’ Rules of 
Order shall be followed in the order 
named. 


VII. Amendments 
These By-laws may be amended by a 
majority of the members present at any 
regular meeting held after notice has 
been given that the amendment is to 
be considered. 
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UNIVERSITY OF WISCONSIN BRANCH 


This Branch met October 24, at the 
City Library Building, F. M. Conlee 
presiding, with a total attendance of 45. 
Professor O. H. Ensign was elected 
chairman for the coming year, and Pro- 
fessor J. W. Shuster was re-elected 
secretary. A committee consisting of 
Messrs. M. C. Beebe, Frank Culver, and 
K. O. Burrer, was appointed to secure 
a permanent place of meeting large 
enough to accommodate the Branch. 
The New York papers on ‘ The 
Grounded Neutral’’ were abstracted 
by K. O. Burrer, and discussed by the 
members. An original paper was given 
by Professor O. H. Ensign on the elec- 
tric developments of Southern Cali- 
fornia, treating the subject historically, 
and with respect to its influence on the 


development of the locality. The at- 
"tendance and interest shown were 
gratifying to all. Meetings for at- 


tendance of city members will be held 
the fourth Thursday of every month 
in the auditorium of the City Library. 
Weekly meetings are held at the Uni- 
versity for the benefit of the student 
members. 


WORCESTER POLYTECHNIC INsTtrure 
BRANCH 

There were thirty-eight in attendance 
at the second regular meeting of the 
Worcester Polytechnic Institute Branch 
on October 25, 1907. The meeting 
was devoted to a continuation of the 
“Summer Experiences " and also to 
accounts of the recent street railway 
convention and the Institute conven- 
tion last June. 

Н. О. Lewis, P.G., who was in at- 
tendance at the Atlantic City conven- 
tion, spoke briefly of the several papers 
presented and told of the exhibits and 
social features. Professor А. S. Richey 
supplemented Mr. Lewis' remarks by a 
few of his personal observations. The 
papers chiefly dwelt upon were Pro- 
fessor Norris’ paper on '' The Techni- 
cally Trained Man and the Electric 
Railway Industrv ", the report of the 
standardization committee, the report 
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and Mr. Bibbins' 


on rail corroding, 


paper on the “ Fort Wayne and Wa- 


bash Valley Traction Co ”. 

Mr. Green, P. G. then described most 
interestingly his year’s experience in 
the apprenticeship course of the Bullock 
Electric Manufacturing Co. This was 
of especial interest because Mr. Green is 
the only man from our Institute who 
has been through the Bullock ap- 
prenticeship course. 

The next two speakers, Mr. Law,.'08, 
and Mr. Nims, '08, related their ex- 
periences with telephone work. Mr. 
Law had to do with trouble-hunting on 
the operating end in Providence, and 
Mr. Nims spoke of. the installations in 
the Newtown, Pa. exchange. 

S. W. Farnsworth, P.G., gave a short 
account of the Institute Convention at 
Niagara Falls, at which he represented 
our Branch. Mr. Farnsworth spoke 
more of the men who took part than of 
the papers presented, and reported a 
most enjoyable and instructive time. 
He advised all who can possibly do so to 
attend the next convention. 


The Branch held a very successful 
meeting on Nov. 8, there being 165 
in attendance. Professor J. O. Phelon 
and C. D. Knight, of the electrical 
engineering department, are the ones 
to whom special credit is due; they gave 
a lecture entitled ‘‘ Experiments Illus- 
trating Modern Applications of Elec- 
tricity ”. 

Only some of the experiments can be 
outlined. The property which- some 
non-conductors have of becoming con- 
ductors at high temperatures, as illus- 
trated in the Nernst lamp, was shown. 
The images of direct-current, alterna- 
ting-current, flaming, and magnetite 
arcs were thrown on a screen and their 
peculiarities pointed out. Electric weld- 
ing and the use of the electric forge were 
shown, also holes were burned through 
a steel plate by means of an electric 
arc. Опе of the most curious things was 
an electric motor so connected that, in- 
stead of revolving continually in one 
direction, it would speed up for a few 
revolutions, then reverse and speed up 
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for a few revolutions in the other direc- 
tion, and keep continuing these reversals. 

At the close of the lecture the au- 
dience adjourned to the large General 
Laboratory, where doughnuts, cheese, 
and cider were served. The supply of 
cider was in a keg suspended from the 
travelling crane; thus the different 
points of consumption were easily kept 
supplied. A quartet in the gallery 
added much to the pleasure during the 
social hour. 


Minutes of October Meet- 
ing of the Institute 
Meeting of the American Institute 
of Electrical Engineers, held in the 
Auditorium of the Engineers’ Building, 
33 West Thirty-ninth street, New York, 
Friday, October 11, 1907. President 
Stott called the meeting to order at 
8:20 o'clock, and then delivered his 


Inaugural Address 


“ Before entering upon the presenta- 
tion and discussion of the papers prepar- 
ed for this occasion, we may profitably 
pause for a few moments to consider the 
aims and objects of this Institute, as 
set forth in Article I of our Constitu- 
tion, and how we have accomplished 
them in the past, and how we may en- 
deavor more fully to meet them in the 
future. 

The American Institute of Electrical 
Engineers to-day has over 5100 mem- 
bers, of whom approximately 90% are 
residents of this country, and 10% resi- 
dents of foreign countries. Of the 4600 
domestic members, approximately 22% 
reside within one hour’s travel of our 
national headquarters, and 70% within 
a distance which can be covered in 
twelve hours or less. 

Our PROCEEDINGS and TRANSACTIONS, 
available to all, undoubtedly are the 
most valuable asset of membership; 
but next to that may we not say that 
the social side ranks next in value? It 
is obviously impossible for us all to 
meet one another, as our domestic mem- 
bership alone is distributed over a terri- 
tory of 2.970,000 square miles. To meet 
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this difficulty, however, the Sections 
and University Branches have been or- 
ganized, so that now besides the na- 
tional headquarters in New York, we 
have 20 Sections and 17 University 
Branches located at all great centers of 
membership. At these Sections and 
Branches, not only are the papers pre- 
sented at the New York meetings dis- 
cussed, but original papers are also 
presented and discussed. Papers pre- 
sented at Sections will, when forwarded 
to the Papers Committee, be disposed 
of in exactly the same manner as if 
presented for the New York meeting. 

In accordance with the terms of the 
new Constitution, now in force, the 
chairmen of all Sections are ex-officto 
members of the Sections Committee, 
and have the right to appear before the 
Board of Directors at any of their 
meetings for the purpose of conference 
in regatd to any matters pertaining to 
the affairs of the Institute in their 
Sections. 

It will thus be seen that we are grad- 
ually evolving an organization some- 
what similar to that of our state and 
federal governments, and as the process 
of evolution goes on, the Constitution 
may have again to be readjusted to 
‘mect new conditions. 

Article I of our Constitution says: 

1. The name of this association 1s the 
American Institute of Electrical Engi- 
neers. 

2. Its objects shall be the advance- 
ment of the theorv and practice of Elec- 
trical Engineering and of the allied Arts 
and Sciences and the maintenance of a 
high professional standing among its 
members. Among the means to this 
end shall be the holding of meetings 
for the reading and discussion of pro- 
fessional papers and the publication ot 
such papers, discussions and communi- 
cations as may seem expedient. 

When we look back over our TRANs- 
ACTIONS for the last ten years, we can 
not help being struck bv the admirable 
way in which we find there recorded 
almost everything of note which has 
contributed to the ''advancement ot 
the theory and practice of Electrical 
Engineering, " but so rapid has the 
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evolution of the theory and practice of 
electrical engineering been, that the 
“allied Arts and Sciences " have been 
to a large extent squeezed out. With 
every new application of electricitv, 
comes the demand for men who пої 
only are specialists in that particular 
art, but who at the same time are elec- 
trical engineers; as, for example, in the 
applications of electricity to electro- 
chemical processes, railwavs, illumina- 
tion, transmission of power, mining, 
utilization of electricity in the number- 
less manufacturing processes—all of 
them calling for highly specialized 
knowledge in the allied arts. 

It would therefore seem as if the time 
were now ripe for carrving out all the ob- 
jects mentioned in our Constitution, and 
the Papers Committee is now endeav- 
oring to broaden the scope of the In- 
stitute work without allowing their 
efforts to scatter too much. In order to 
assist in this work, some of the com- 
mittee work has been reorganized; for 
example, the old High-Tension Trans- 
mission Committee, which has done 
such excellent work, now becomes a 
sub-committee of the Papers Committee, 
and a new sub-committce on Railwavs 
has been formed. This reorganization 
will, it is hoped, relieve the Papers Com- 
mittee, and coórdinate the work which 
previously had a natural tendencv to 
duplication under two independent 
committees. Additional sub-committees 
will be appointed as necessity scems to 
require. 

In accordance with the unanimous 
vote at the last Annual Convention, 
the Board of Directors has authorized 
the appointment of a Committee on 
Education to coóperate with other edu- 
cational committees in recommending 
a syllabus of studies for clectrical engi- 
neers at our universities. 

In furtherance of this work, a special 
meeting devoted to educational sub- 
jects will be held toward the end of 
this year, when those in charge of edu- 
cational work will be free to devote 
some time to this most important sub- 


ject. 
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In connection with educational work 
we have available to our members, not 
only our own library but also those of 
the American Society of Mechanical En- 
gineers and the American Institute of 
Mining Engineers; aggregating approx- 
imately 30,000 volumes, and forming 
the most valuable collection of technical 
works in the world. This joint library, 
however, is only open from 9 a.m. to 
5 p.m., and is therefore of very little 
value to the majority of members, who 
are unable to spare time from their 
various vocations between these hours; 
but a movement is now on foot to 
change the present organization so as 
to make the library available up to 
10 p.m.. and thus enable our members 
to make full use of this great oppor- 
tunitv to consult the best authorities 
on any engineering subject. 

When distinguished foreign engineers 
visit this country, we have had no per- 
son or persons who could officially 
welcome them in the name of the Ameri- 
can Institute of Electrical Engineers, so 
that this duty or pleasure has fallen 
heavily upon a small number of mem- 
bers, who have on numerous occasions 
acted as an unoflicial reception com- 
mittee. It would seem therefore as if 
it would lend to the dignity of these 
receptions, whilst giving authority to 
our members who are willing to incur 
the necessary expenditure of time and 
monev, if a strong representative re- 
ception committee were appointed in 
each large citv, so that our guests 
could be passed on from one city to 
another and thereby be saved a great 
deal of trouble, by finding out immedi- 
ately where they could see the particular 
apparatus or get the information they 
desired. 

In conclusion, it now seems probable 
that our annual banquet will be held 
in Januarv, when we hope to have 
several distinguished guests address us. 
And I trust that the members of the 
American Institute of Electrical Engi- 
neers will remember that not only in 
our technical work, but in our social 


work, our officers, whom we have 
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elected, need our constant support and 
encouragement.” 


The following papers were then pre- 
sented: 

1. The Grounded Neutral, with and 
without Series Resistance, in High- 
tension Systems, by Paul M. Lincoln. 

2. Experience with a Grounded Neu- 
tral on the High-tension System of the 
Interborough Rapid Transit Company, 
by George I. Rhodes. 

3. The Grounded Neutral, by F. G. 
Clark. 

These papers were then discussed 
by Messrs. Peter Junkersfeld, Philip 
Torchio, N. J. Neall, J. B. Taylor, Carl 
Schwartz, C. W. Stone, F. B. H. 
Paine, Chas. F. Scott, Paul M. Lincoln, 
George I. Rhodes, Chas. P. Steinmetz, 
O. S. Lyford, Jr., and Frank G. Baum. 


International Electrotech- 
nical Commission. 

The International Electrotechnical 
Commission has been organized as 
recommended Бу the Saint Louis 
Congress in order that a permanent and 
authoritative body might be called 
upon to act in determining certain 
questions that have heretofore been 
passed upon by international congresses. 
The selection of a national committee 
for the United States to codperate 
with the commission was delegated to 
the American Institute. of Electrical 
Engineers and the appointments have 
now been made as follows: 


Elihu Thomson, Lynn, Mass, presi- 
dent. 

Charles F. Scott, Pittsburg, Pa., first 
vice-president. 

Samuel Sheldon, Brooklyn, N. Y. 
second vice-president. 

Bion, J. Arnold, Chicago, Ill. 

Arthur W. Berresford, Milwaukee, Wis. 

John J. Carty, New York City. 

W. C. L. Eglin, Philadelphia, Pa. 

Carl Hering, Philadelphia, Pa. 

John W. Howell, Harrison, N. J. 

Dugald C. Jackson, Boston, Mass. 

Francis УУ. Jones, New York City. 

Arthur E. Kennelly, Cambridge, Mass. 
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Benjamin О. Lamme, Pittsburg, Pa. 

W. А. Layman, St. Louis, Mo. 

John W. Lieb, Jr., New York City. 

Clayton H. Sharp, New York City. 

Charles P. Steinmetz, Schenectadv, 
N. Y. 

Lewis B. Stillwell, New York City. 

Henry G. Stott, New York City. 

Samuel W.Stratton, Washington,D.C. 


Other countries will be represented 
upon the commission by similar na- 
tional committees. 

The central office has been established 
in London, with a permanent secretary. 


Minutes of November 
Meeting of the Institute 
The two hundred and twenty-second 

meeting of the American Institute 
of Electrical Engineers was held in 
the auditorium of the Engineers’ 
Building, 33 West Thirty-Ninth street, 
New York, Friday November 8, 1907. 
President Stott called the meeting to 
order at 8:20 p.m. 

The Secretary announced that at the 
meeting of the Board of Directors held 
during the afternoon there were 80 As- 
sociates elected, as follows: 


Acton, Epwanp Harker, Apprentice, 
Westinghouse Electric and Mfg. Co.; 
res., 1108 Center St., Wilkinsburg, Pa. 

ANDREWS, ALFRED STEPHENSON, Elec- 
trical Work, 2 South Parade Road, 
Bangalore, S. India. 

Barnes, Lewis Love, Salesman, West- 
inghouse Electric and Mfg. Co., 1333 
Candler Bldg.; res., 71 W. 15th St., 
Atlanta, Ga. 

BJoRGERD, THEODORE, Draftsman, Seat- 
tle Electric Co., 409 2d Ave, W., 
Seattle, Wash. 

BRINKERHOFF, ALBERT Davip, Engi- 
neer, Waco Gas and Electric Co., 
Waco, Texas. 

BurGner, Linnatus Perer, Foreman 
of Construction, F. Bissell Co.; res., 
218 13th St., Toledo, O. 

Burns, Patrick Henry, Superinten- 
dent Telegraphs and Telephones, Ba- 
hamas Colonial Government, Nassau, 
Bahamas 
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BunRiss, JAMES REUBEN, Superinten- 
dent, Anderson Traction Co., Ander- 
son, S. C. 


CADWELL, GEORGE Harry, Electrical 
Contractor, Calle, Victoria 11, Mex- 
ico City, Mex. 

САк„ Joun Rocer, Chief Operator, 
Caiifornia Gas and Electric Corpora- 
tion, Colgate, Cal. 

Cann, HvcH SrTANLEy, Electrical Engi- 

. neer, American Carbolite Co., West 
Duluth, Minn. 


CLARK, ARTHUR REGINALD, Engineer's 
Inspector, Engineering Department, 
Southern Bell Telephone and Tele- 
graph Co., Birmingham, Ala. 


CorLLER, Leon C., Power Engineer, 
Western Electric Co., 259 S. Clinton 
St., Chicago, Ill. 

CoNKLIN, LEANDER H., General Super- 
intendent of Lighting, West Penn 
Railways Co., 130 E. Fairview Ave., 
Connellsville, Pa. 

DEREMER, Jay Grant, Assistant to 
General Manager, Westinghouse Elec- 
tric and Mfg. Co., 2d and Natoma 
Sts., San Francisco, Cal. 


DoNAaLDsoN, GEORGE C., Master Me- 
chanic, Buffalo and Susquehanna 
Coal Mining Co., 131 E. Washington 
DuBois, Pa. 

ELBEnsow, J. C., Electrician, Philadel- 
phia Electric Co.; res., 941 N. 48th 
St., Philadelphia, Pa. 

Evans, Harry WirLis, Testing Engi- 
neer, Chicago Edison Co.; res., 550 
LaSalle Ave., Chicago, Ill. 

Evans, LLEWELLYN, Wireman, R. H. 
Bradshaw & Co.; res., 2231 Dana St., 
Berkeley, Cal. 

Fenton, HENRY GARFIELD, Assistant 
Engineer, Mexican Light and Power 
Co., За Colonia No. 6, Mexico City, 
Mex. 

Futter. Атмох B., Switchboard Engi- 
neer, H. Krantz Mfg. Co., 160 7th St.; 
res., 516 12th St., Brooklyn, N. Y. 


GARDNER, Tuomas West, Electrical 
Engineer, Cumberland Telephone and 
Telegraph Co., Nashville, Tenn. 
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GEBEL, FRED EMwaNvuErL, Engineer on 
Transmission, General Electric Со.; 
res, 7 N. College St., Schenectady, 
N. Y. 

GELZER, JOHN, JR., Engineer and Sales- 
man, Westinghouse Electric and Mfg. 
Co., Birmingham, Ala. 

GILMARTIN, JOHN, Foreman Meter De- 
partment, Toledo Railways and Light 
Co., 2460 Broadway, Toledo, O. 

GRAFTIO, Henry, Assistant Chief En- 
gineer, Westinghouse Company Ltd., 
St. Petersburg, Russia. 


HARGER, ANDREW F., Superintendent of 
Transmission, Wilkes-Barre and Ha- 
zelton Railway & Lehigh Traction 
Co., Hazelton, Pa. 


Harriss, У/пллАм Henry, President 
and General Manager, Four Cotton 
Mills; res., 1018 Century Bldg., At- 
lanta, Ga. 


HEATHER, HENRY JAMES SHEDLOCK, 
Electrical Engineer, H. Eckstein & 
Co.;res., Overdale, Parktown, Johan- 
nesburg. S. A. 


H karon, Harry HERBERT, Generating 
Station Operator, Helena Power 
Transmission Co., Hauser Lake, Mont. 


HEINZE, CARL AuGustus, Assistant with 
E. F. Scattergood, 536 Citizens’ Na- 
tional Bank Building; res., 1788 W. 
24th St., Los Angeles, Cal. 


HENDERSON, DwiGHT Firman, Light 
and Power Department, Washington 
Water Power Co., Spokane, Wa:' 


HowNorp, Paut Herman, Ele ical 
Construction Engineer, Allis-Chaimers 
Co., Port Washington; res., Sheboy- 
gan, Wis. 

Houston, GEorGE RICHARD, Foreman, 
Switchboard Installation Department 
Western Electric Co., 1814 2d Ave., 
Birmingham, Ala. 


Huts, EUGENE ARTHUR, Assistant 
Electrical Foreman, Universal Port- 
land Cement Co., Buffington, Ind.; 
res., 6333 Stewart Ave., Chicago, Ill. 


JENKINS, GEORGE RICHARD, Superin- 
tendent Underground Cables, Mexico 
Light and Power Co., Mexico City, 
Mex. 
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jorrE, GeorGeE à., Draftsman, West- 
inghouse Electric and Mfg. Co., Pitts- 
burg, Pa. 

JOHNSON, WaLTER LvurPH, Manager 
Bell Brothers Ltd., Clarence Iron 
Steel Works, Port Clarence, Middle- 
sex, England. 

Kearns, J. Epwarp, Commercial Engi- 
neer, General Electric Co.; res., 612 
South Ave., Schenectady, N. Y. 

KEELY, Roya R., Chief Engineer, City | 
of Edmonton, Alberta, Canada. 

KoHLHAAS, HERMAN THEODORE, Divi- 
sion Inspector in Final Inspection De- 
partment, Western Electric Co., 463 
West St., New York City. 

LAURENCENA, MIGUEL JUAN, Third Class 
Engineer, Argentine Navy, Calle Es- 
tados Unidos 1332, Buenos Aires, 
Arg. Rer. 

«Layne, WILLIAM RonBzmr, Chief Elec- 
trical Engineer, with Geo. J. Welling- 
ton; res., 1810 Vine St., Berkeley, Cal. 

LuNDEvL, ALBEN EMANUE!, Telephone 
Engineer, Western Electric Co.; res., 
1272 Wilton Ave., Chicago, Ill. 

McFaRLiN, JOHN RosBEmr, Electrical 
Engineer and Chemist, Gorton Dan- 
iels Electric Co., 18 N. 11th St., Keo- 
kuk, Iowa. 

Mitts, NATHANIEL CHiLD, Engineer, 
General Electric Со. ; res., 227 Liberty 
St., Schenectady, N. Y. 

МоксАМ, Josian Foster, Manager, 
Thomas Engineering Co., 13 N. Wy- 
oming St., Hazelton, Pa. 

М лноор, Epwin TFRRELL, Cable Engi- 
neer, Bell Telephone Co. of Mo., 3844 
Olive St., St. Louis, Mo. 

MANN, ALBERT BarcLay, Electrical and 
Mechanical Engineer, American Laun- 
dry Machinery Mfg. Co., Cincinnati, O 

MARSHALL, Percy MacLean, Telephone 
Engineer, Western Electric Co., 463 
West St.; res., 150 E. 37th St., New 
York City. 

NAKAHARA, IwasaBuRow, Chief Engi- 
neer, Tokyo Electric Light Co., No. 3 
Yurakucho, Kojimachiku, Tokyo, 
Japan. 

NELSON, LERov SYLVESTER, Construc- 
tion Foreman, General Electric Co., 
Schenectady, N. Y. 
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Peck, WALTER TovcEy, Electrical En- 
gineer, W. К. Grace & Co., Valpa- 
raiso, Chili. 

PHILLIPS, FRANK REiITH, Investigating 
Engineer, Ohio Brass Co., Mansfield, 
Ohio. 

PHILLIPS, WALTER P., Manager, Print- 
ing Department, American Grapho- 
phone Co.; res., 971 Fairfield Ave., 
Bridgeport, Conn. 

PREACHER, GEOFFREY LLoyp, Consult- 
ing Engineer, Lombard Iron Works 
and Supply Co., Augusta, Ga. 

Priest, JAMES Harry, Student, New 
Hampshire College, Durham; res., 
Manchester, N. H. 

RANDALL, Henry DENISON, Sales Engi- 
neer, Westinghouse Electric and Mfg. 
Co., 424 Ist Ave., Spokane, Wash. 

RoBERTs, GeEorGE B., Engineer, Citi- 
zens Tel. Co., St. Joseph, Mo. 

Rocers, WirLiAM GEorGE, Electrical 
Foreman, Philadelphia Electric Co.; 
res., 1327 S. Wilton St., Philadelphia. 

Ross, DovGraAs GooDERHAM, Testing 
Department, General Electric Co., 
Schenectady, N. Y.; res., 481 Sher- 
bourne St., Toronto, Ont. 

RovLANcEÉ, Leon St. Dents, Electrical 
Engineer and Draftsman, Equipment 
Otfice U. S. Navy, Union Iron Works; 
res., 1278 Turk St., San Francisco, Cal 

SIEBENMORGEN, WiLLiAM, Chief Engi- 
neer, C. and C. Electric Co., Garwood; 
res., Westfield, N. J. 

ЅміТтн, LLovp Lyman, 1721 4th St., 
S. E., Minneapolis, Minn. 

Soper, ARTHUR JOHN, Railway Engi- 
neering Department, General Elec- 
tric Co.; res, 702 Campbell Ave., 
Schenectady, N. Y. 

STERN, FERDINAND, Interstate Electric 
Co., New Orleans, La. 

STRACHAN, JAMES Forrest, Engineer- 
ing Department, Pacific Tel, and Tel. 
Co.; res., 1592 Fulton St., San Fran- 
cisco, Cal. 

TALTAVALL, Tuomas R., Assistant Ed- 
itor, Electrical World, 239 W. 39th St., 


New York City; res., Montclair, N. J. ` 


Tuomas, Cart N., Draftsman, Narra- 
gansett Electric Lighting Co., 25 
South St., Providence, R. I. 
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THoMas, Roy NORTHROP, Operating 
Electrician, Oneida Railway Co., 


Utica; res., Monoa, N. Y. 

THOMPSON, CORNELIUS, Ames Bonner 
and Co.; res., 70 Federal St., Toledo, 
Ohio. 

THOMSON, ARTHUR BoyYDEN, Special 
Agent, C. S. Knowles, 120 Broadway; 
res., 150 Central Park South, New 
York City. 

WAIN WRIGHT, RICHARD BROWER, Equip- 
ment Record Clerk, American Tele- 
phone and Telegraph Co.; res., 177 
W. 83d St., New York City. 

WemaAN, Kuas, Manager and Chief En- 
gineer, L. W. Ericsson Tel. Mfg. Co.; 
res., 701 Potomac Ave., Buffalo, N.Y. 

WICKSTROM, JosEPH EnxEsT, Assistant 
to Superintendent, Seattle-Tacoma 
Power Co., 614 Madison St.. Seattle, 
Wash. 

WirpE, HERBERT RvssErLL, Shift Engi- 
neer, Mexican Light and Power Co., 
Ltd., Necaxa, Puebla, Mexico. 

WirsoN, JAMES КАЕ, 1004 Simpson 

St., Bronx, N.Y. 

WoopreEss, JaMEs Lesie, Electrical 
Engineer, Century Electric Co.; res., 
722 Aubert Ave., St. Louis, Mo. 

WYNN, RoBERT MANSFIELD, Electrician, 
Tagona Water and Light Co., Lake 
Superior Corporation, Sault Ste Marie, 
Ont. 

Younc, CHaRLEs Ковевт, Telephone 


Engineer, Western Electric Co.; res., 
101 Essex Ave., Bloomfield, N. J. 


The Secretary announced further 
that the following Associates were trans- 
ferred to the grade of Member. 
CLIFFORD WayYNE HumMpuHrey, Con- 

sulting and Designing Engineer, 

‘The Rookery,” Chicago, Ill. 
ROBERT CARR LANPHIER, Secretary and 

Manager, Sangamo Electric Com- 

pany, Springfield, IL. 

ALBERT Gustav WrssLING, Assistant 
Engineer, The Bullock Electric Man- 
ufacturing Company, Cincinnati, O. 

WiLLIAM NELsoN Situ, Electric Trac- 
tion Engineer, Westinghouse, Church, 
Kerr & Company, New York City. 
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CHARLES Ezra ScriBNER, Chief Engi- 
neer, Western Electric Company, Chi- 
cago, Ill. 


Kempster B. Милев, Consulting Elec- 
trical Engineer, 1454 Monadnock 
Block, Chicago, Ill. 


President Stott announced that Pro- 
fessor Morgan Brooks of the Uni- 
versity of Illirlois had so arranged the 
Eastern inspection trip of the senior 
class in electrical engineering at the 
university that they were able to be 
present at this meeting. The party 


consisted of Professor Brooks and 
thirty-five students. 
The Secretary announced that 


until further notice the libraries of the 
three founder societies — the Amer- 
ican Institute of Mining Engineers, 
the American Society of Mechanical 
Engineers, and the American Institute 
of Electrical Engineers would be open 
every week day from 9 o'clock a.m., 
until 9 o'clock p.m. 

A paper entitled ' Comparative Per- 
formance of Steam and Electric Locc- 
motives ” was then presented by Albert 
H. Armstrong, of the General Electric 
Company. | 

The paper was then discussed by 
Messrs. Cary T. Hutchinson, N. W. 
Storer, W. S. Murray, William Mc- 
Clellan, W. J. Wilgus, C. L. de Muralt, 
W. ХМ. Smith, B. F. Wood, Chas. Р. 
Steinmetz, and À. H. Armstrong. 


Applications for Election 

Applications have been received by 
the Secretary from the following can- 
didates for election to the Institute as 
Associates; these applications will be 
considered by the Board of Directors 
at a future meeting. 

Any Member or Associate objecting 
to the election of any of these candi- 
dates should so inform the Secretary 
before January 10, 1908. 


6806 К. C. Beardsley, Cleveland, О. 
6807 W. R. Cook, Norfolk, Va. 
6808 M. L. Elder, Pittsfield, Mass. 
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6809 J. Н. Stubbs, Toronto, Ont. 
6810. D. T. Williams, Philadelphia, Pa. 
6811 L. N. Crichton, Grace, Idaho. 
6812 W. N. Parsons, Tacubaya, Mex. 
6813 M. B. Stewart, Santa Barbara, Mex. 
6814 5. О. Swenson, Detroit, Mich. 
6815 H. C. Adams, Jr., New York City. 
6816 J. N. DuBarry, Jr., New York City 


6817 H. K. English, Schenectady, N. Y. 
6818 H. A. Hornor, Camden, N. J. 
6819 F. N. Koziell, New York City. 
6820 F. C. Lavarack, New York City. 
6821 P. G. Lapat, Cheyenne, Wyo. 
6822 R. B. McDonnough, Three Rivers, 


2E Ore. 
6823 H. D. Pennev, Pittsfield, Mass. 
6824 J. M. Andersen, Dorchester, Mass. 
6825 August Berggren, Stockholm. 
6826 G. E. Brown, Redfield, S. D. 
6827 E. W. Bowness, Calgary, Can. | 
6828 Edwin Ballman, St. Louis, Mo. 
6829 C. G. Barrett, Norfolk, Va. 
6830 C. G. Beckwith, Collingwood, O. 
6831 H. O. Dutter, Bucyrus, O. 
6832 W. S. Devlin, New Castle, Pa. 
6833 T. Koyama, Nagoya, Japan. 
6834 F. J. Rickey, Covington, Ky. 
6835 L. W. Webb, Norfolk, Va. 
6836 F. W. Walter, Norfolk Va. 
6837 F. W. Willey, Allston, Mass. 
6838 W. Е. M. Goss, Urbana, 11. 
6839 F. D. Bartlett, Philadelphia, Pa. 
6840 C. W. Bender, Altoona, Pa. 
6841 H.G. Butterfield, E. Pittsburg, Pa 
6842 C. L. Cadle, Rochester, N. Y. 
6843 C. W. Chappelle, Cleveland, O. 
6844 S. W. Farnsworth, Lancaster, Mass. 
6845 H. G. Otis, New York City. 
6846 R. H. White, Schenectady, N. Y. 
6847 L. B. Abbott, Lynn, Mass. 
6848 H. T. M.Cobson, Mexico City, Mex. 
6849 C. B. Fairchild, Jr. Cleveland, O. 
6850 A. P. Good, Chicago, Ill. 
6851 H. W. Jones, Garrettsville, O. 
6852 P. J. Murley, New York City. 
6853 Max Neuber, Toledo, O. 
6854 J. Р. Rochwood, New York City. 
6855 С. R. Wylie, Cincinnati, О. 
H. L. West, St. Louis, Mo. 
6857 К. W. Brodmann, Rockaway 

Park, L. I.. N. Y. 

6858 H.C. апа, New York City. 
6859 Ravmond Roth, Philadelphia, Pa. 
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6860 J.S. Stubbefield, Wilkinsburg, Pa. 
6861 R. A. Smith, Norfolk, Va. 

6862 G. B. Ferrier, Jr., New York City. 
6863 A. S. Miller, Baltimore, Md. 
6864 C. C. Beck, Mansfield, O. 

6865 W. D. Eaton, Joliet, Ill. 

6866 T. F. Judge, New York City. 
6867 H. E. Geiser, Philadelphia, Pa. 
6868 C. J. Hopkins, New York City. 
6869 H. L. Price, Toronto, Ont. 

6870 R. S. Pattison, Clayton, Mo. 
6871 Norman Read, Denver, Colo. 
6872 А. E. Reynolds, Mexico City, Mex. 
6873 B. A. Stowe, Cleveland, О. 

6874 W. E. V. Shaw, Toronto, Ont. 
6875 B. F. Selby, Toronto, Ont. 

6876 L. V. Lewis, Vernon, N. Y. 
6877 Felix Stern, Chicago, Ill. 

6878 H. I. Emanuel, Pittsburg, Pa. 
6879 J. B. Martin, New York City. 
6880 J. D. Ross, Seattle, Wash. 

6881 G. H. Duffield, Rock Island, Ill. 
6882 C. R. Norberg, Cleveland, О. 
6883 H. J. Strobel, New York City. 
6884 C. P. Cooper, Durham, N. H. 
6885 D. C. Durland, New York City. 
6886 Paul Dieny, New York City. 
6887 A.L. Williams, Fond Du Lac. Minn. 
Total, 82. 


Personal 
Mr. HaARorpD Morecrort, instructor 
at Syracuse University for the last two 
years, is now at Pratt Institute, Brook- 
lyn, in charge of the electrical labor- 
atory. 


Mr. W.C. WAGNER, formerly erecting 
electrical engineer, of Seattle, has been 
appointed superintendent of construc- 
tion of a steam-turbine clectric installa- 
tion, at Woonsocket, R. I. 


Mr. Harvey 5. PARDEE, formerly 


with the John A. Roebling's Sons Com- ` 


pany, of Trenton, N. J.. is now attend- 
ing the Massachusetts Institute. of 
Technology, at Boston, Mass. 


Mr. Davip D. Gisson, JR., has left 
the Westinghouse Electric & Manufac- 
turing Company to take charge of a 
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sub-station at Washington, D. C., for 
the Capitol Traction Companv. 


Mr. W. ANDERSON, formerly engineer 
and manager for the Cascade Water 
Power and Light Companv, is now act- 
ing as engineer for the West Kootenay 
Power and Light Company, at Rossland, 
B. €. 


— 


Mr. Louis E. REvNorps, formerly 
with the San Francisco Gas and Elec- 
tric Company, is now with the construc- 
tion department of the Central Colorado 
Power Company, at Colorado Springs, 
Colo. 


Mr. WILLIAM J. BERRY, instructor in 
mathematics at the Polytechnic Insti- 
tute of Brooklyn, is at Harvard Univer- 
sity on leave of absence. His present 
address is 15 Conant Hall, Cambridge, 
Mass. 


Mr. A. S. KALENBORN is now vice- 
president of F. G. Baum and Company, 
of San Francisco, having charge of the 
business of the company in the North- 
west, being located at Seattle. Wash- 
ington. 


MR. ARTHUR I. SUNDHEIMER, a grad- 
uate from the School of Applied Science 
of Columbia University, has accepted a 
position in the testing department of 
the General Electric Companv at Schen- 
ectadv. 


Mr. J. E. Currie has left the employ 
of the Dayton Lighting Company, at 
Dayton, Ohio, and entered Cornell Uni- 
versity as a special student in the 
mechanical and electrical engineering 
branches. 


Mr. CHARLES E. ANDERSON has left 
the American Electrical Works at Phil- 
lipsdale, R. I., to take the position of 
superintendent and electrical engineer 
with the Willvoung Appliance Company 
at Yonkers, N. Y. 
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Mr. Mitton К. Акев5, formerly as- 
sistant instructor in electrical engineer- 
ing at the University of Illinois, is now 
instructor in electrical engineering at 
the Washington Agricultural College, 
Pullman, Washington. 


Mr. Отто HorsrEIN, until recently a 
district inspector in the Bureau of Posts 
of the Philippine Islands, with station 
at Ormoc, Leyte, P. I., is now with the 
Atlantic De Forest Wireless Company at 
42 Broadway, New York City. 

Мк. R. H. PINKLEY, until recently 
chief draughtsman with the Union Elec- 
tric Light and Power Company of St. 
Louis, has been transferred to a similar 
position with the Milwaukee Electric 
Railway and Light Company. 

Mr. F. A. Hatz has left the Ingersoll- 
Rand Company of New York to take 
a position as assistant engineer on alter- 
nating current and direct current turbo- 
generators, with the General Electric 
Company, at West Lynn, Mass. 


Mr. RoBERT HAw XHURST, JR., Assoc. 
Mem. Am. Soc. C. E., Assoc. Mem. 
Inst. E. E., Assoc. Inst. M. M., M.A.I. 
M.E., etc., has become general manager 
of the Poderosa Mining Company of 
Collahuasi, Chile, South America. 


Мв. E. К. CaricHorr has given up 
his office as consulting engineer at 20 
Broad street, New York Citv, to take 
а position in the railway engineering 
department of the General Electric 
Company at Schenectady, N. Y. 


Mr. CONSTANTIN ZORAWSKI has given 
up his position as electrical engineer 
for the Allgemeine Elektricitats Gesell- 
schaft, at Riga, Russia, and has be- 
come head engineer to the Volta Elec- 
trical Manufacturing Company, in Reval. 


— ee 


Mr. W. R. C. Corson, consulting elec- 
trical engineer of New York City. has 
accepted a position as assistant engi- 
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neer with the Hartford, Ct., Steam 
Boiler Inspection and Insurance Com- 
pany, and has discontinued his private 
practice. 


Мк. W. S. Jackson has resigned from 
the transmission department of the 
Long Island Railroad Company, to en- 
gage in manufacturing the W. S. Jack- 
son automatic block signal for electric 
railways, of which he is the inventor, 
at York, Pa. 


Мк. W. Н. THompson, who has been 
connected since June, 1906, with the St. 
Paul Gas Light Company, as assistant 
to the general manager, has become 
general manager of the Union Light, 
Heat, and Power Companv of Fargo, 
North Dakota. 


Mr. GEonc& Lawson, who has been 


with the General Electric Company for 


a year, is now with Messrs. Warwick, 
Mitchell and Company, of New York 
City, his present work being in connec- 
tion with street railway and engineer- 
ing properties. 

Мк. V. Н. HvnpELL, of New York, 
formerly in the Boston office of the 
Westinghouse Electric and Manfac- 
turing Company, has entered the em- 
ploy of the Thomas Engineering Com- 
pany of Allentown, Pa.. as travelling 
representative. 


Mr. Roporro RorH, formerly with 
Victor M. Braschi & Companv, consult- 
ing engineers and contractors, located 
in Mexico City, has been appointed as- 
sistant manager of tke Aguascalientes 
Electric Light and Power Company, at 
Aguascalientes, Mexico. 


MR. Wvarr H. ALLEN. of the firm of 
Hunt, Dillman, Meredith, and Allen 
Incorporated, has removed from the 
temporary quarters at 202 California 
street, occupied immediately after the 
fire, to Rooms 907-912, Union Trust 
Building, San Francisco. Cal. 
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Mr. Н. D. Hawkes has been assigned 
by the General Electric Company to 
conduct all commercial negotiations be- 
tween that company and the New York, 
New Haven and Hartford Railroad 
Company, and its allied concerns, with 
an office in New Haven, Conn. 


MR. Grover С. REHFIELD, formerly 
construction engineer with The Bullock- 
Allis-Chalmers Company, will hereafter 
be associated with the Chicago Portland 
Company, at Oglesby, Illinois, as elec- 
trical engineer, to have charge of a 
4500-h.p. alternating-current plant. 

Mr. JosePH B. BAKER, electrical en- 
gineer, formerly technical editor of the 
technological branch U. S. Geological 
Survey, Washington, D. C., resigned Oc- 
tober 1, and is engaged in technical and 
engineering publicity work with offices 
at the “ Mendota,” Washington, D. C. 


MR. H. A. Pressey has left the firm 
of Hugh MacRae and Company, bank- 
ers, and opened an engineering office in 
the Hibbs Building, Washington, D. C., 
in connection with Mr. Francis R. Weller 
Mr. Pressey will continue engineering 
practice in hydraulic and electrical 
work. 


Mr. Јонх H. FINNEY, associated with 
the Aluminum Company of America at 
Pittsburg, has been transferred to At- 
lanta, Ga., where he has opened a south- 
ern office for this company. Mr. Finney 
hopes by this move to get in tauch with 
the southern membership of the In- 
stitute. 


MR. GEgoncE W. Simpson, for the 
past ten years a salesman in the detail 
department, Philadelphia office of the 
Westinghouse Electric and Manufac- 
turing Company, is now sales agent for 
the Flexible Compound Companv, in 
the exhibition department of the Phila- 
delphia Bourse. 


Mr. Myron CREESE has left Almon 
City, Pa., and is now in charge of the 
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physics work at the Maryland Agricul- 
tural College, at College Park, Maryland, 
where he expects to outline an electrical 
engineering course, and fit up a labor- 
atory which will be open to students in 
the fall of 1908. 


Mr. J. H. SEAMAN, formerly assistant 
engineer of the Consumers’ Electric 
Company of New Orleans, La., has re- 


cently returned from a trip to Nicaragua, - 


in the interest of the Topaz Mining Com- 
pany, and has accepted the position of 
superintendent of the City Electric Light 
and Water Works at Alexandria, La. 


Mr. S. J. Houston, of the General 
Electric Company’s construction de- 
partment, has finished the large cable 
installation of which he was in charge 
at Davton, Ohio, and is now temporarily 
located at the General Electric officein 
Pittsburg, Pa., in charge of a cable in- 
stallation for the Pittsburg Railways 
Company. 


Mr. CHARLES Н. Van SLYK, formerly 
in the New York office of the General 
Electric Company, has been appointed 
electrical engineer and assistant to 
president of the Coney Island and 
Brooklyn Railroad Company of Brook- 
lyn, N. Y. The company is about to 
change its system from direct to alter- 
nating current. 


Mr. W. Ерслв REED, formerly with 
the Westinghouse interests in Paris and 
at East Pittsburg, has gone into general 
consulting work, with an office in the 
Machesney Building, Pittsburg, Pa. Mr. 
Reed has had long experience in design- 
ing continuous- and alternating-current 
machinery, and induction motors, and 
in their practical application. 


Mr. ORVILLE H. ENsIGN has been ap- 
pointed to the chair of electrical engi- 
neering at the University of Wisconsin, 
recently made vacant by the resigna- 
tion of Professor Dugald C. Jackson. 
Professor Ensign is recognized as a 


pioneer in the electrical profession, hav-: 
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ing been identified with undertakings 
of magnitude and importance for the 
last twenty years. 


Mr. F. G. STEWART, general foreman 
at the shops of the Memphis, Tennessee, 
Street Railway, has accepted the posi- 
tion of general superintendent railway 
department of the Texarkana Gas and 
Electric Company, Texarkana, Ark- 
Tex. Mr. Stewart has been identified 
with street railways for over seventeen 
years, and for the last fourteen years 
with the Memphis Street Railway. 


Mr. W. W. Moore, formerly man- 
ager of the engineering department of 
the Wesco Supply Company, St. Louis, 
Mo., has moved to Birmingham, Ala., 
as manager of a branch house to be es- 
tablished by the company at that place. 
He has a temporary office No. 608 First 
National Bank Building, Birmingham, 
Ala., but expects to have the new branch 
house started early in the coming year. 


Mr. Eocar H. Berry, has resigned 
his position as chief engineer of the 
Remington Typewriter factory, to enter 
independent business in New York. A 
banquet was tendered to Mr. Berry by 
80 of the foremen and assistants at the 
factory on October 22, and he was also 
presented with a diamond stud as a 
token of remembrance and esteem from 
his associates in the typewriter works. 


Mr. Cuas. L. Brown, formerly as- 
sistant to the manager of the electrical 
department of Allis-Chalmers Co., in 
charge of steam-turbine and turbine- 
alternator sales, has entered the manu- 
facturing field and established the Econ- 
omy Tool Company, at Wauwatosa, 
Wisconsin. Mr. Brown will manufac- 
ture an entirely new line of pneumatic 
hammers, and a new variable-stroke 
power hack-saw. 


Mr. Н. B. PniEsTLEY Wicks has left 
Messrs. А. E. Brown, of Christchurch, 
New Zealand, and is now in the employ 
of the General Electric Company at 
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Schenectady, N. Y. While on his way 
to this country, Mr. Wicks sold to a 
large London firm of instrument makers 
and electricians the patent rights of an 
electrical train and trolley-car stopping- - 
place indicator, a New Zealand inven- 
tion, patented by А. E. Brown and Н.Т. 
Smith. 


Mr. GILBERT ROSENBUSCH, Member 
of the Institution of Electrical Engi- 
neers, and Associate Member of the In- 
stitution of Civil Engineers in London, 
has left the Underground Electrical 
Railways Company of London, and 
opened an engineering office at Queen 
Anne's Chambers, Westminster, Lon- 
don, S. W. He will undertake engi- 
neering reports, investigation, and tech- 
nical supervision, both in England and 
on the Continent. 


Mr. Еру. SCHILDHAUER, formerly 
with the Washington office of the Isth- 
mian Canal Commission as electrical 
and mechanical engineer, has been 
transferred to Culebar, Canal Zone, 
Panama, where he will have charge of 
the design of power plants and operating 
machinery for the locks, movable dams, 
and regulating works. He will also study 
the water supply for the power plants, 
and the feasibility of electrifying the 
re-located Panama railroad. 


Mr. Percy H. Tuomas, for fourteen 
years connected with the Westinghouse 
interests, has formed with N. J. Neall, 
consulting engineer of Boston, the firm 
of Thomas and Neall, electrical engi- 
neers, with offices in New York and 
Boston. The firm will do general con- 
sulting work in electrical engineering, 
giving special attention to high-tension 
design, extra-high-tension practice, 
lightning protection, and special elec- 
trical problems of all kinds. 


Mr. Epwarp M. WnuanrF has been 
put in charge of the power-station, car- 
house, cars, overhead work, and all elec- 
trical equipment of the Syracuse, Lake 
Shore, and Northern Railroad Company 
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at Syracuse, N. Y., 
will be made both in power supply and 
cars for this road. Power purchased 
from the Niagara, Lockport, and On- 
tario Power Company, will be used, 
and cars will be equipped for operation 
by direct- and single-phase alternating 
current. 


MR. Byron T. Burt, for the last six 
years in charge of the Chattanooga Elec- 
tric Company, is about leaving Chatta- 
nooga, where he built up a splendid 
power business, in addition to furnishing 
current for the extensive city and subur- 
ban street railway properties. Mr. Burt 
is one of the real pioneers of the central 
station industry, and has enjoyed a 
variety of experience, which includes 
work in Italy, Spain, Hungary, South 
America, the far West, and the extreme 
South of the United States. 


Obituary. 

Ernst DANIELSON died in Westeras, 
Sweden, in August last. He was born 
January 19, 1866, in Voxna; studied at 
Upsala, and, in 1883, was admitted as 
apprentice at the Arboga works of 
the Stockholm Electrical Co. In 1884 
he entered the Technical High School 
at Stockholm, returning, after passing 
his final examinations in 1887, to the 
Arboga works. He came to the 
United States in 1890 and was first 
associated with the Wenström Con- 
solidated Dynamo and Motor Co. of 
Baltimore, and afterwards with the 
Thomson-Houston Co., of Lynn, Mass, 
which later consolidated with the 
Edison Co., of Schenectady, forming 
the present General Electric Co., where 
he carried out a large amount of ex- 
ceedingly responsible work. In 1892 
he was chief engineer of the Allmanna 


Svenska Elektriska Aktiebolaget, of 
Westeras, Sweden. In 1895 he left 


that company to take up a consulting 
engineering practice in Sweden; pre- 
paring at the request of Dr. De Laval, 
proposals for utilizing the water power 
of the Trollhattan Falls. During the 
winter of 1897-8, Mr. Danielson again 
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(Nov. 
visited America, also most of the 
prominent electrical installations of 
Switzerland, and Italy. In 1900 he 
was appointed Technical Director of 
the Allmanna Svenska Elektriska Aktie- 
bolaget of Westeras, Sweden, cocupying 
this position until 1903, when failing 
health compelled him to delegate most 
of his work to others. Mr. Danielson 
was also for some time chairman of the 
Swedish Institution of Civil Engineers; 
a member of the Royal Academy of 
Science, a member of the [nstitution of 
Electrical Engineers of Great Britain. 
He was elected an Associate of the 
American Institute of Electrical Engi- 
neers, June 27, 1895. 

Mr. Danielson’s most important pio- 
neer work consisted of his researches in 
the three-phase svstem, and its utiliza- 
tion for power transmissions. The 
first work to be carried out was the 
well-known Hellsjón-Gràngesberg power 
transmission, the success of which led 
to other power schemes. Ву this 
means Sweden has come into a position 
to utilize the national wealth repre- 
sented in its Water power, much earlier 
than would otherwise have been possi- 
ble, and the product of the Swedish 
electrical industry has been enabled 
to take a prominent position in the 
international market. 

Although his main work relates to 
electrotechnical science, Mr. Danielson 
was thoroughly at home in several other 
branches of engineering science. His 
knowledge of turbines and machinery 
for utilizing water power enabled him 
to realize clearly the features necessary 
for hydroelectrical installations, and 
his knowledge of rolling-mill and of 
mining machinery enabled him to 
appreciate the requirements to be met 
by electric motors for this kind of work. 
It is largely on account of this many- 
sidedness in technical knowledge at a 
time when electrical science was rapidly 
developing, that Mr. Danielson's work 
has been of such great value. Those 
who knew him personally will always : 
remember him as a kind and true friend. 
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Books Received 


The following volumes have been re- 
ceived and placed in the Library of the 
Institute; 


ELECTRIC WIRING, DIAGRAMS AND 
SWITCHBOARDS. By Newton Harri- 
son, E. E. 272 pages. New York, 
The Norman W. Henley Publishing 
Company. Price $1.50. 

Contents.—Chapter ].—The Beginning of 

Wiring.—Calculating the Size of Wire. II.—A 

Simple Electric Light Circuit Calculated. III.— 

Estimating the Mains, Feeders and Branches. 

IV.—Using the Bridge for Testing. The Insula- 

tion Resistance. V.—Wiring for Motors. VI.— 

Wiring with Cleats, Moulding and Conduit. 

VII.—Laying out a Conduit System. VIII.— 

Power Required for Lamps. Lighting of a Room. 

IX.—Switchboards and their Purpose. X.— 

Switchboards Designed for Shunt and Compound 

Wound Dynamos.  XI.—Panel Switchboards, 

Street Railway Switchboards, Lightning Arrest- 

ers. XII. —The Ground Detector. Locating 

Grounds. XIII.—4Alternating Current Circuits. 

XIV.—The Power Factor in Circuits. XV.— 

Calculation of Sizes of Wire for Single, Two- and 

Three-phase Circuits. 


ELECTRIC FURNACES AND THEIR 1м- 
DUSTRIAL APPLICATION. By J. 
Wright. А practical treatise of 
what has been done, and of what 
is being done, both experimentally 
and commercially, with the electric 


furnace. 288 pages. New York, 
The Norman W. Henley Publishing 
Co. Price $3.00. 


ELEMENTS OF ELECTRICAL ENGINEER- 
ING. By William Suddards Frank- 


lin and William Esty. Уо]. I. 
Direct Current Machines. Electric 
Distribution and Lighting. Illus- 


trated. 517 pages. New York: The 


Macmillan Company. London: 
Macmillan & Co., Ltd. 1906. 
Second edition, fifth thousand. 


Price, $4.50 net. 


CoNTENTS.—Classification and Notation. Chap- 
ter I.—Introduction. Elementary Electricity and 
Magnetism. II.—The Dynamo. III.—The Op- 
eration of the Dynamo as a Generator. IV.— 
The Operation of the Dynamo as a Motor, V— 
Power Losses in Generators and Motors. Eff- 
ciency. VI.—Ratings and Guarantees. VII.— 
The Practical Operation of Dynamos. Station 
Equipment. VIII.—Storage Batteries. IX.— 
Electric Distribution and Wiring. X.—Photo- 
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metry and Electric Lighting. Appendix A. 
Electromagnets. Magnetism of Iron. Appendix 
B. Characteristic Curves. Appendix C. Arma- 
ture Windings. Appendix D. Problems. Index. 


TESTING OF ELECTRO-MAGNETIC Ma- 
CHINERY AND OTHER APPARATUS. 
By Bernard Victor Swenson, E.E., 
M.E., and Budd Frankenfield, E.E. 
Vol. І. Direct Currents. Illustrated 
420 pages. New York: The Mac- 
milan Company. London: Mac- 
millan & Co., Ltd. 1905. Price, 
$3.00 net. 


CoNTENTS.—Nomenclature. | List of Refer- 
ences. List of Experiments. Preliminary. ln- 
struments. Experiments. Appendix A. Shop 
Tests. Appendix B. Standardization Report 
(A.IE.E.) Index. 


ELEMENTARY ELECTRICITY AND MAG- 
'" NETISM AND THEIR APPLICATIONS. 
By Dugald C. Jackson, C.E., and 


john Price Jackson, M.E. Illus- 
trated. 482 pages. New York: 
The Macmillan Company. Lon- 
don: Macmillan & Co., Ltd. 1907. 


Price, $1.40 net. 


CoNTENTS.—Chapter I.—The Nature and 
Properties of Electricity. II.—Additional Char- 
acteristics of Electric Charges.  III.—Electric 
Potential, Electrical Machines, and Electrical 
Capacity. IV.—Electric Batteries, or Appliances 
for Transforming Chemical Energy into Elec- 
trical Energy. V.—Electrolysis. VI.—The Na- 
ture and Properties of Magnetism. VII.—Elec- 
tric Circuits and the Flow of Electricity; Ohm's 
Law. VIII.—Electrical Energy, Heating Effects 
of Electric Currents, and Miscellaneous Etfects 
of Electric Currents. IX.—Electro-magnetism. 
X.—Electro-magnetic Induction. XI.—Galvano- 
meters and Voltameters. XII.— Measurement of 
Electrical Resistance. | XIII.—Measurement of 
Electric Currents and Pressures.  XIV.—Meas- 
urement of Electrical Power. Condensers, and 
Measurement of Capacity, XV.—Principles and 
Construction of Direct-current Dynamos and 
Motors. XVJ.—Alternating Currents and Alter- 
nating Current Machinery. XVII.—Arc and In- 
candescent Lighting. XVIII.—Power Stations, 
the Electric Railway, and Other Applications 
of Motors. XIX.—The Telegraph; the Telephone; 
Electric Bells. XX.—Line Construction and the 
Electric Distribution and Transmission of Power. 
XXI.—Applications of Electrical Instruments 
to the Testing of Lines and Circuits. Measure- 
ments of Illumination. XXII.—Electrolytic De- 
position of Metals. Electric Smelting, Welding, 
Cooking, etc. X XIII.—Electro-magnetic Waves; 
Wireless Telegraphy; Roentgen Rays. Index. 
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ALTERNATING CURRENTS AND ALTER- 
NATING CURRENT MACHINERY. This 
is Vol. II of the Text-book on Elec- 
tro-Magretism ard the Construc- 
tion of Dynamos. By Dugald C. 
Jackson, C.E. ard John Price 
Jackson, М.Е. 729 pages. Illus- 
trated. New York: The Macmillan 
Company. London: Macmillan & 
Co., Ltd. 1905. Price, $3.50 net. 

Contents.—Chapter I.—The Electric Pres- 
sure Developed by Alternators. IlI.—Armature 

Windings for Alternators. III.—Self-induction 

and Capacity. IV.—Graphical and Analytical 

Methods of Solving Problems in Alternating- 

Current Circuits. V.—The Magnetic Circuit of 

Alternators. VI.—Characteristics, Regulations, 

etc. VII.—Regulation and Combined Output. 

VIII.—Etliciencies, etc. IX.—Mutual Induc- 

tion. X.—Operation of Ideal Transformer and 

Effect of Iron and Copper Losses. XI.—Efh- 

ciency and Losses in Transformers. XII.—De- 

sign of Transformers. XIII.—Polyphase Con- 
ducting Systems and the Measurement of Power 
in Polyphase Circuits. XIV.—Alternating-cur- 
rent Motors. XV.—Polyphase Transformers. 
Appendices. Index. 


ELEMENTARY LESSONS IN ELECTRICITY 
AND MaGNeETISM. Bv Silvarus Р. 


Thompson, D.Se., B.A., F.R.S, 
F.R.A.S. New edition, revised 
throughout with additions.  Ilus- 
trated. 638 pages. New York: 
The Macmillan Company. Lon- 
don: Macmillan & Co., Ltd. 1906. 


Price, $1.40 net. 

CoNTENTS.—Chapter I.—Frictional Electricity. 
II.—Magnetism. lll.—Current Electricity. IV. 
—Electrostatics.  V.—-Electromagnetics. VI.— 
Measurement of Currents, etc. VII.— Thermo- 
electricity. VIII.—Heat. Power, and Light, 
from Electric Currents. IX.—Inductance. X.— 


Dvnamos and Transformers. XI.—Electro- 
Chemistry. — XII.—Telegraphy. — XIII.--Tele- 
phony. XIV. Appendix, 


Electric Waves. 


ILLUSTRATIONS OF THE C. G. S. SYSTEM 

ОЕ UNirs WITH TABLES or Puvsi- 

CAL Constants. By J. D. Everett, 

М.А, DCL, FRS. ERSE. 

283 pages. London: Macmillan & 

Co., Ltd. New York: The Macmil- 

lan Company. 1902. Price, $1.25 
net. 

CoONTENTS.~Reduction to and from C. G. S. 


Measures. Interpolation by Second Differences. 
Chapter I.—General Theory of Units.  II.— 


[Моу. 


Choice of Three Fundamental Units.  III.— 
Mechanical Units, Supplemental Section, on Phy- 
sical Deductions from Dimensions. IV.—Hydro- 
statics. V.—Stress, Strain, Elasticity and Vis- 
cosity. VI.—Astronomy. VII.—Velocity of 
Sound. VIII.—Light. IX.—Heat. X.—Mag- 
netism, XI.—Electricity. XII.—Rucker's Har- 
monizing of Dimensions, and Heaviside's '" Ra- 
tional Units." Appendix. Reports of Units 
Committee of British Association, and Resolu- 
tion of Paris Congress. Index. 


OUTLINES OF THE EVOLUTION’ ОР 
WEIGHTS AND MEASURES AND THE 
METRIC SvsrEM. By William Hal- 
lock, Ph.D., and Herbert T. Wade, 
Octavo, 304 pages. Illustrated. 
Cloth, $2.25 net. The Macmillan 
Company, New York. 

CoNTENTS.—Chapter I.—Beginnings and De- 

velopment of the Science of Metrology. II.— 

Origin and Development of the Metric System. 

III, —Extension of the Metric System Through- 

out Europe and Elsewhere. IV.—Weights and 

Measures in the United States. V.—The Metric 

System of To-day. Its Essential Characteristics 

and Fundamental Principles. VI.—The Metric 

System for Commerce.  VII.—The Metric Sys- 

tem in Manufacturing and Engineering. VIII.— 

The Metric System in Medicine and Pharmacy. 


IX.—International Electrical Units. X.—Stand- 
ards and Comparison. Appendix. Tables of 
Index. 


Equivalents and Useful Constants. 


STANDARD WIRING FOR ELECTRIC LIGHT 
AND Power. Ву H.C. Cushing, Jr.. 
M.A.I.E.E. Illustrated. 147 pages. 
New York: H. C. Cushing, Jr. 
Price, $1.00. 

This work contains the National Electric Code 
explained and illustrated, together with the 


necessary tables and formule for outside and 
inside wiring and construction for ali systems. 


Моревч WiRING DiaGRAMS AND DE 
SCRIPTIONS FOR ELECTRICAL WORK- 

ERS. 241 pages. Illustrated. By 
Henry C. Horstmann and Victor 

H. Tousley. Second edition, re- 
vised and enlarged. Chicago: Fred- 
erick J. Drake & Co. Price, $1.50. 
ConTENTS.—Chapter I.—Call Bell Circuits. 
Bells, Dynamo Connections. II.—Annunciator 
Circuits. III.— Fire and Burglar Alarms. IV.— 


Telephone and Telegraph Circuits. V.—Electric 
Gas Lighting. VI.—Primary and Secondary 


Batteries. VII.—Connecting up. Locating 
Trouble. VIII.—Miscellaneous. IX.—Electric 
Lighting. X.—Arc Lamps, Nemst Lamp 


Cooper Hewitt Lamp. XI — Recording Watt- 
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meters. XII.—Direct Current Motors. XIII.— 
Automobiles, Charging Stations, Gas Engines. 
XIV.—Direct and Alternating Current Genera- 
tors, Compensators. XV.—Alternating Current 
Motors, Transformers. XVI.—Armatures. XVII. 
—Switchboards, Ground Detectors. XVIII.— 
Storage Battery Connections. XIX.—Testing. 
XX —Light. XXI.—Wiring Tables. XXII.— 
Electric Signs, Flashers, Display Lighting. 


THe ELectro-PLaters’ HANDBOOK. 
By James H. Weston. 178 pages. 
Illustrated. Chicago: Frederick J. 
Drake & Co. 1905. Price, $1.00. 

CoNTENTs.—Electrical Rules and Formulas. 

Batteries.» Electro-Plating with Batteries. 

Electro-Plating Dynamos.  Electro-Platers Ma- 

terials. Electro-Deposition of Metals. Cleaning 

the Work. Dips and Dipping. Stripping. Electro- 

Plating with Nickel. Electro-Plating with Silver. 

Electro-Plating with Gold. Electro-Plating with 

Copper.  Electro-Plating with Zinc, Tin, Iron 

and Platinum. Electro-Plating with Alloys. 

Electro-Mechanical Plating. Cold Galvanizing 

and Galvanoplasty. Useful Information. 


eee 


TrxT-Book ор ELECTRICAL MACHINERY 
Vol. I. Electric. Magnetic, and 
Electrostatic Circuits. By Harris 
J. Ryan, M.E., Henry H. Norris, 
M.E., and George L. Hoxie, 
M.M.E., Ph.D. First edition. second 
thousand. Illustrated. 258 pages. 
New York: John Wiley & Sons. 
London: Chapman & Hall. Ltd. 
1906. Price, $2.50. З 

CoNTENTS.—Chapter I.—Electiicity and Mag- 
netism. II.—Fundamental and Derived Units. 

III.—Periodic Curves. IV.—Complex Quantities. 


V.—Laws of the Electric Circuit. VI.— Electric 
Power. 


THEORY OF THE LEAD ACCUMULATOR 
(Storage Battery). By Dr. Fried- 
rich Dolezalek. Translated from 
the German by Carl L. von Ende, 
Ph.D. (Goettingen). First edition. 
241 pages. Illustrated. New York: 
John Wiley & Sons. London: 
Chapman & Hall, Ltd. 1904. 
Price, $2.50. 


CoNTENTs.—Chapter I.—Chemical Theory of 
Origin of Current. I1.—Therm odynamical Theory 
of Origin of Current. III.—Osrrotic Theory of 
Ongin of Current. IV.—Vanation of Electro- 
motive Force with Acid Concentration, V.— 
Variation of Electrode Potential with Acid Con- 
centration. VI.—Temperature Coeficient. VII. 
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—Influence of External Pressure. VIII.—Be- 
havior During Charging and Discharging. IX.— 
Reversibility.  X.—Changes in the Open Cell. 
XI.—Internal Resistance. XII.—Capacity. 
XIII.—Degree of Efficiency and Working Effi- 
ciency. XIV.—Changes in the Cell During 
Formation. XV.—Methods of Measurement. 
XVI.—Table of Density and Percentage Strength 
of Mixtures of Sulphuric Acid and Water. 


ELECTRICAL WIRING AND CONSTRUC- 
TION TABLES. By Henry C. Horst- 
mann and Victor H. Tousley. 118 
pages. Illustrated. Chicago: Fred- 
erick J. Drake & Co. 1907. Price, 
$1.50. 


CoNuTENTs.—Chapter I.—Direct Current Wir- 


ing Tables. II.—Alternating Current Wiring 
Tables. III.—Econamy of Conductors. IV.— 
Miscellaneous. V.—Calculation of Materials. 
VI.—Conduits and Wires. VII.—Tables of 


Carrying Capacities. 


THEORY or ELECTRICAL MEASURE- 


MENTS. Bv William A. Anthony. 
Second edition, revised. First 
thousand. 94 pages. Illustrated. 


John Wiley & Sons. London: Chap- 
man & Hall, Ltd. 1905. Price, 
$1.00. 

Contents.—The С. С. S. System of Units. 
The. Magnetic Field. The Electric Current. Po- 
tential and Electrorrotive Force. Resistance and 
Ohm's Law. Practical Measurements of Elec- 
trical Quantities. Measurements of Resstance. 
Measurement of Current. Measurements of 
Potential. Tésting and Calibrating Instruments. 
Heating Effects of the Current. Incandescent 
Lighting. Arc Lighting. Chemical Effects of the 
Current. Electromagnetic Induction. Electro- 
magnetism. 


Contixncous CURRENT Dynamo DE- 
sign. By Н. M. Hobart, B.Sc., 
M.LE.E., Mem. A.J.E.E.  Illus- 
trated. 220 pages. London and 
New York: Whittaker & Co. 
Price, $3.00. 

Conrents.—Chapter I.—The Electric Con- 
ducting Circuit of the Continuous-Current 
Dynamo. II.—The Magnetic Circuit of the Con- 
tinuous-Current Dynamo. III.—4Armature Inter- 
ference in the Continuous-Current Dynamo, and 
the Design of Field Spool Windings. IV.—-The 
Proportioning of Continuous-Current Dynamos, 
and the Voltage Between Sexments, and the 
Reactance Voltage. V.—Dvynamo Design Coeth- 
cients. VI.—The Appheation of Reversing Poles 
to Continuous Current Dynamos. and the Design 
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of Continuou:-Current Dynamdx for High Speed 
and High Voltage. Appendix. Index. 


MopEnRN ELECTRICAL CONSTRUCTION. 

By Henry C. Horstmann and Victor 

H. Tousley. 243 pages. Illustrated. 

Chicago: Frederick J. Drake & Co. 
Price, $1.50. 

A reliable Practical Guide for the Beginner in 

Electrical Construction showing the Latest Im- 

proved Methods of Installing Work of all Kinds 


According to the Safety Rules of the National 
Board of Fire Underwriters. 


‘ALTERNATING CURRENTS OF ELECTRI- 
CITY AND THE THEORY OF TRANS- 


FORMERS. Ву Alfred Stil, Assoc. 
M. Inst. C.E. Illustrated. 184 
pages. London and New York: 


Whittaker & Co. 1898. Price, $1.50. 
CoNTENTs.—Magnetic Principles. Alternating 
Currents. Self-Induction. Capacity.  Self-In- 
duction and Capacity. Mutual Induction. Trans- 
formers. 


INDUCTION COILS AND Соп, MAKING. 
Construction, Operation and Ap- 
plication. By H. $. Norrie. Second 
edition, thoroughly revised and 
greatly enlarged. 290 pages. Illus- 
trated. 5x63 in. Cloth. Price, $1.00. 
New York: Spon & Chamberlain. 
London: E. & F. N. Spon. 1907. 


CoNTENTS.—Coil Construction. Contact Break- 
ers. Insulations and Cements. Condensers. Ex- 
periments. Spectrum Analysis. Currents in 
Vacuo, Rotating Effects. Gas Lighting. Batteries 


for Coils. Storage or Secondary Cell. Tesla and 
Hertz Effects. The " Roentgen" Rays and 
Radiography. Wireless Telegraphy. 


HANDBOOK FOR STREET RAILWAY Ex- 
GINEERS. Ву Н. В. Andrews, С.Е 
Second edition, first thousand. 199 
pages. Illustrated. New York: 
John Wiley & Sons. 1903. Price, 
$1.25. 

CONTENTS —Chajier I,—Mensuration — T rigo- 
nometncal Formule. JI.—Circular Curves, ШІ. 
—Compound Transition. Curves, IV.—Plain 
Curves. V.— Miscellaneous Information, Vi.— 
Bending Moments. V.1!.—Strength of Materials, 
Vill.—Data for Estimates. iX.— Electrical 
Information, X —Aluminum for Electrical Con- 
ductors. XI.—The Storage Battery. — XII.— 
Tables. XIII.—Relative Percentages of Expendi- 
tures to Gross Receipts for Street Railwave in 
Massachusetts, XIV --Buver’s Directory. 
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THe Diseases or ELECTRICAL MACHIN- 
ERY. By Ernst Schulz. Edited 
with a preface by Silvanus P. 
Thompson. 94 pages, 42 illustra- 
tions. 12mo., cloth. Price, $1.00. 
London: E. & F. N. Spon. New 
York: Spon & Chamberlain. 1904. 


CoNTENTs.—Chapter I.—Continuous Current 


Machines. II.—Single-phase and Polyphase 
Generators. 1.:I.—Single-Phase and Polyphase 
Induction Motors. IV.—Transformers, V.— 
Efficiency. 


— —— — 


SMOLEY’S PARALLEL TABLES OF LOGAR- 
ITHMS AND Squares. Angles and 
Logarithmic Functions,Correspond- 
ing to given Bevels, and other 
Tables. By Constantine Smoley, 
C.E. Fourth revised edition. 331 
pages. New York: The Engincer- 
ing News Publishing Company. 
Price, $3.00. 

CONTENTS.—Parallel Tables of Logarithms 
and Squares. Tables of Angles and Logarithmic 

Functions. Table of Logarithms of Numbers. 


Decimal Equivalents. Constants. Explanations 
and Examples. 


THE BLock SYSTEM OF SIGNALING ON 
AMERICAN Raritroaps. By Braman 
B. Adams. 234 pages. lllustrated. 
Ncw York: The Railroad Gazette. 
1901. Price, $2.00. 
CoNTENTs.—Chapter I.—The Telegraph Block 
System. Pennsylvania R.R. II.—The Telegraph 
Block System—Continued—Erie R.R., Chicago, 
Burlington & Quincy К.К. III.—The Telegraph 
Block System on Single Track—Chicago, Mii- 
waukee & St. Paul Ry. IV.—Single-T rack 
Blocking—Continued—Ene R.R.; Wabash RR ; 
Atchison, Topeka & Santa Fe Ry. V.—The Con- 
trolled Manual or " Lock and Block " System, 
New York, New Haven & Hartford R.R. Vi.— 
Controlled Manual— Continued; The Electric 
Train Staff, VII.—Automatic Block Signals— 
Clock-work Apparatus; Enclosed Disk Signals. 
VIII.—Automatic Block Signals on Single Track 
——Cincinnati, New Orleans & Texas Pacific Ry. 
1X.—Electro-Pneumatic Automatic Block Sig- 
nal. X.—Automatic Block Signals. The Elec- 
tric Semaphore, X1.—Three-Position Automatic 
Block Signals—Pittsburgh, Fort Wayne & 
Chicago Ry. X11.—Conclusions; Statistics, 
X,II.—The Saxby & Farmer Interlocking Ma- 
chine. XIV.—The Johnson Interlocking Ma- 
chine, XV.—The Westinghouse Electro-Pneu- 
matic Machine. XVI. The Low Pressure Pneu- 
matic Machine. XVII.—The Taylor Electne 
Machine. 
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President's Address А. 5. M. E. 


HILE this issue is on the press, 

the annual meeting of the Amer- 

ican Society of Mechanical Engineers is 
being held in the Auditorium of the 
Engineers’ Building. The address of 
President Hutton at the opening ses- 
sion, Tuesday evening, December 3, 
was entitled '' The Mechanical Engineer 
and the Function of the Engineering 
Society ". The twenty-three vears' ex- 
perience of the author as secretary of 
the American Society, followed by a 
year in the presidential chair, has thor- 
oughly qualified him to discuss the 
various functions of a national engi- 
neering organization. The first portion 
of his address is devoted to speciali- 
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zation in engineering in which he eny- 
merates thirteen different branches 
which are usually considered as being 
the more important. No doubt his 
definitions will in many instances be 
criticized, yet the classification has 
been so carefully worked out, and is so 
comprehensive, that it will be exceed- 
ingly valuable as a guide to those who 
are in doubt as to the requirements of 
an ''engineer ". When we consider 
the doubts existing twenty-five years 
ago as to the status of the electrical en- 
gineer, it is certainly encouraging to 
read the closing sentence of the defini- 
tion of the profession: ‘‘ His field is 
very definite ". In his arguments for 
the appreciation of a national engineer- 
ing organization, President Hutton 
shows most emphatically the thought- 
ful care he has bestowed upon the duties 
of the office he held so creditably for 
nearly a quarter century. How to make 
the society of the greatest value to the 
membership was the problem continu- 
ally before him. Equally urgent was 
the task of convincing the non-member 
that even from a selfish standpoint it 
was his duty to join. He might well 
have added that to be considered a 
responsible mechanical engineer his 
name must be found in the official cata- 
logue. Among other functions of the 
society treated in this admirable ad- 
dress, are the location and composition 
of conventions, technical visits, pub- 
lications and the valuable work of com- 
mittees. He does not look for success- 
ful local meetings confined to members, 
but proposes a plan for independent 
self-governing sections, which shall be 
affiliated with the American Society of 
Mechanical Engineers, to which non- 
members shall be eligible, upon a plan 
very similar to that which has been in 
practical operation in the Schenectady 
Section of the Institute. While Presi- 


dent Hutton’s address was prepared 


with special reference to mechanical en- 
gineers, it is of general interest to the 
entire engineering profession, and all 
who are actively engaged in society 
work will find it exceedingly instructive. 
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Twenty-five Years of Insti- 
tute History * 


. In view of the fact that according to 
the printed records of the Institute, the 
first steps towards its formation were 
taken in April, 1884, it may seem pre- 
mature for me to-night to talk even 
twenty-five minutes about twenty-five 
years. But we are on the verge of 1908, 
and the Institute was already in exist- 
ence in the minds of its advocates and 
friends in 1883, long before we circu- 
lated for signature the “call to arms ” 
now hanging on the walls of the head- 
quarters in the beautiful new home on 
Thirty-ninth street, New York. I had 
the honor to assist Dr. N. S. Keith in 
the preparation of the famous April cir- 
cular and to secure many of the notable 
signatures to it. It fell equally to my 
lot to prepare and issue the first volume 
of TRANSACTIONS and to make the first 
secretarial report. I have never en- 
joved the confidence of the Institute 
sufficiently to be trusted as its treas- 
urer, but I have been elected to everv 
other office in its gift and mav there- 
fore venture to discuss it, on vour invi- 
tation, from the inside and its various 
other aspects. 

A good many of us in the electrical 
field—over 5000 now in membership- - 
are interested in the Institute's welfare, 
апа to us the story of its trials and 
struggles and evolution is not alto- 
gether vain and insipid.  Historv re- 
peats itself, and probably the growth 
of every engineering and scientific so- 
ciety follows much the same course. 
Electrical engineers came pretty late 
in the procession, but after all are not 
in a class by themselves. Scientific 
and engineering bodies аге ancient 
rather than modern inventior s. A 
voung mother whose infant was ailing 
went to an old-fashioned doctor and 
asked for treatment. He prescribed 
castor oil.  '' But doctor ”, 
claimed, ''castor oil 


tt 


is such an old. 

* A paper read by Past-president T. Commer- 
ford Martin at a meetiry of the Schenectady 
Section November, 1907. Е 
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fashioned remedy ”. 
plied the doctor dryly, 
such old-fashioned things 

No one will deny to the Institute, 
however, characteristics and idiosyn- 
crasies due to the circumstances of its 
birth and to the development of the 
mighty agencies included under the 
generic name of electricity. There mav 
be, and I trust there is, something per- 
sonal in the feeling that the make-up 
of the Institute has a vouthfulness and 
vivacitv about it that the other kindred 
societies do not all possess. I was only 
thirtv myself when elected to the presi- 
dency, and while some of my successors, 
down to this very year, have been dan- 
gerouslv near that age, I am told that 
in other societies such juvenility in 
high office would be regarded as scan- 
dalous. It seems likely that amongst 
the electrical engineers, youth will not 
vet be a bar to the supreme dignities. 
A notable orator in speaking about the 
late Mr. James G. Blaine, said that his 
magnetism had to be taken hot or else 
it soured on the stomach. It is certain 
that the Institute has rarely had its 
electricity or magnetism served up on 
cold plates. I know of one president 
who never attended a single meeting. 
but his contribution to the art and to 
mankind would condone vastly greater 
indifference, just as the verse of Burns, 
a tender boon to all humanity, has won 
pardon for the shortcomings of his 
brief, chequered life. 

Speaking as the senior surviving pres- 
ident of the Institute, it might be ex- 
pected that I should make some allu- 
sion to the nineteen men who have held 
the office since the beginning in 1884. 
How some persons get elected to presi- 
dential office is a mystery, even grant- 
ing their great individual qualifications; 
and it is equally strange how others 
miss the distinction. It does not follow 
that because a man is a great engineer 
or inventor he has the executive ability 
for leadership; and moreover he may 
be right in shunning instinctively that 
which would only be a distraction from 
his true work. Two of our most distin- 
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guished members, known throughout 
the world, have not accepted this 
office; yet it is surely a matter for con- 
gratulation that of the nineteen men 
no fewer than fifteen have been engi- 
neers very distinctively, and the names 
of seventeen are attached to inventions 
some of which are the greatest of the 
last fifty years. This is a large propor- 
tion, particularly when it is borne in 
mind that no fewer than eight of the 
nineteen have followed the profession 
of teacher, and three others have been 
journalists, who speak not as those hav- 
ing authority but as mere scribes. Per- 
haps the most striking fact about the 
list and the testimony it bears to the 
catholicity of the American engineering 
spirit as well as the manner in which 
our national strength 15 reinforced—1is 
that seven of the nineteen, including 
the present incumbent, were not na- 
tives of this country. The career open 
to talent that was regarded by Napoleon 
as such a desideratum, is obviously to 
be found in this country as nowhere 
else in the world. 

Somehow the method of electing our 
presidents has never yet been all that 
we could wish, although the results 
have been highly satisfactory. Where 
there is high office at stake, possibly 
there must also be the appeal to laud- 
able ambition or the play of contending 
forces; but whatever will lessen rather 
than inflame antagonism is to be 
sought and should be our ideal. Аза 
matter of fact, a clean, healthy struggle 
does much to stimulate interest in the 
welfare of the body; but that which 
leaves bitterness behind and involves 
misunderstanding and estrangement be- 
tween good men and quondam friends 
is simply deplorable in the last degree. 
However, as the Institute is a “ pure 
democracy ’’ of pronounced type, the 
ills of democratic life must be accepted 
with the benefits; and the great fact 
remains that our highest award of recog- 
nition for public service or intellectual 
achievement never stood in more hon- 
ored estimation of the membership 
than it does to-day. 


NOTES AND COMMENTS 3 


For a while the presidency of the In- 
stitute was liable to be a two-year 
term, since changed bv constitutional 
amendment, providing for a steady 
annual rotation in office. Both methods 
have their advantages, but with so lib- 
eral an amount of good presidential 
timber in the Institute it would really 
have been a pity to adhere to a process 
that slowed down promotion. It is 
claimed that a longer term ensures per- 
manence to a policy; but on the other 
hand the plan of continuing a past- 
president on the Board of Directors 
gives him a fair chance to carry out 
any pet scheme. The one year term 
brings variety and freshness to the 
front and ever a new way of looking at 
things. Of course there is some danger 
that a fad may be run pretty hard, but 
on all great questions there is the ap- 
peal to the sober serse of the Institute. 
This presidert may be keen on stand- 
ards, the next on membership, a third 
on the quality of the papers. Опе is 
in favor of a policy cf rapid expansion; 
the next does scme bookkeeping and 
pays the bills. 


.l have spoken of the automatic 
regulation of all this by council 
and membership, but there 15 still 


another power behind the throne. A 
vivacious young American lady stay- 
ing at an English country house was 
devoting her attention at dinner much 
more to the neighbor on the right than 
to the lonesome one on the other side. 
This bothered the good old family 
butler, and while handing a dish he 
managed to whisper very respectfullv 
in her ear: “ A little more conversation 
to the left, miss ". In like manner, 
our amiable and worthy secretary, 
guiding successive presidents, has doubt- 
less with his suave diplomacy many a 
time intimated quietly that the best 
interests of the Institute demanded that 
all its agencies should be cut in and 
run in parallel, and '' witha little move 
conversation to the left ’’. 

In truth, influential and powerful as 
the president is under our Constitution, 
he is necessarily like the Institute itself, 
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very much at the mercy of the secre- 
tary. То a certain extent the over- 
lapping time classes in the Board of 
Directors give, as intended, continuity 
of experience and tradition, but the 
personal depository of knowledge and 
the confidential adviser in all such 
bodies must always be the man who 
occupies the secretaryship. It is a sin- 
gular fact that in three of our great 
national engineering societies, the secre- 
tary should have held office without 
break for nearly a quarter of a century; 
and in the Institute, with its rapid 
growth, swift changes in the art, 
and perennially new problems, we 
were fortunate to secure a man like 
Mr. Ralph Pope, who is still there and 
whose worth was publicly recognized 
this year by the bestowal of a gold 
medal at the dedication of the Engi- 
neers' Building. | 

Dr. Keith, with whom in 1883-4 I got 
up and circulated the petition for the 
creation ofthe Institute, went West al- 
most immediately after the first meet- 
ing, and I was left in charge as a stop- 
gap secretary. Theactivity in electrical 
development at that time was so 
tremendous that I found I could 
not do justice to my regular journal- 
istic work and to the Institute's 
affairs at the same time. ]t was a 
providential dispensation which gave 
us at that juncture Mr. Pope's services, 
for with instant sympathy he took up 
the work of development that has gone 
on without cessation to the present 
moment. Unhasting and unresting, of 
him it cannot be said that anybody 
ever saw him in a hurry; but the work 
has always got done. The possession of 
the lymphatic temperament is, as in 
him, sometimes associated with a re- 
markable ability to accomplish. А few 
years ago, the pastor of a leading New 
York church died, whereupon having 
in mind his virtues and labors the 
vestrymen put up a tablet on the walls 
with this quotation: '" Now the people 
of God have rest ". I can well imagine 
that when some administrations have 
faded into the background, our good 
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secretary had felt like emulating the 
example of that vestry, for he has 
never fallen into the error of mistaking 
restlessness for achievement. Disraeli 
once compared his Liberal opponents to 
little children pulling up their plants 
every morning to see how much they 
had grown in the night. From such 
practice the conservatism of our secre- 
tary has always saved us, and we have 
had the growth just the same and all 
the more. His first report presented in 
May, 1886, showed a net total of 250 
members. We now have over 5,000, 
not including Students, so that our 
membership has multiplied twenty 
times in the period. The average budget 
was then less than $1,000.00. It is 
now $70,000.00. Granting the tremen- 
dous development in our field of engi- 
neering, it remains evident that only 
conscientious care and a thorough grasp 
of the situation could have brought us 
through all these years to the firm, 
stable, and prosperous position we now 
hold. | 

Comparisons were long since given 
a bad name, but it is only by noting 
the progress of other societies that we 
can realize how far and fast our own 
Institute has travelled. In the vear 
when the American Institute of Elec- 
trical Engineers was organized, 1884, the 
American Society of Civil Engineers 
had 838 members. At the beginning of 
this October, it had 4,287, and by the 
end of the vear will have 4,400. In 
1884, the American Institute of Mining 
Engineers had 1,381 members; on Oc- 
tober 5 it had 4,179. At the close of 
1884, the American Society of Mechan- 
ical Engineers had 557 members and 
on October 1 it had 3,335 members. 
Hence in spite of their flying start and 
time allowance, the American Institute 
of Electrical Engineers has outrun all 
the other societies, апа with its 5,000 
members is distinctly in the lead. I 
don't know that there is any special 
credit in this; it is simply a fact worth 
noting; it may carry an implication or 
prophecy as to relative numerical im- 
portance later on. The growth of these 
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sister societies is reason for hearty con- 
gratulation all around. The enrolment 
in four national] technical bodies of 
nearly 17,000 professional members is 
surely an indication of the growing 
influence of engineers and engineering 
in a civilization that they at least as 
much as any other factor have created. 

Throughout the career of the Insti- 
tute I have been constantly impressed 
with the evolutional nature of its 
growth. What I mean is that at the 
very outset certain elements and essen- 
tials were set forth as desirable, and 
that persistently, if unconsciously, the 
society had pursued the ideals of the 
founders. А perusal of the earliest vol- 
umes of TRANSACTIONS shows emphasis 
to have been laid on a library, a per- 
manent home, branches or chapters; 
raising the character and qualifications 
of membership; standardization of ap- 
paratus and tests; securing papers on 
the latest advances and from represen- 
tative men; the interchange of cOur- 
tesies with domestic and foreign soci- 
eties. Some of these points may be fit- 
tingly noted as having been attained 
much more fully and richly than the 
idealists and prophets of 1884 deemed 
possible. In this country “the greater 
lies before " always, but it is very hard 
to determine the lines of growth in ad- 
vance. According to the poet Coleridge, 
the path that human beings love to 
tread is a winding опе—'* around the 
corn fields and the hill of vines "—and 
even in America with our direct meth- 
ods, short cuts, and ruthless disregard 
of conventional processes, we exemplify 
rarely the Euclidian definition of a 
straight line. Yet the Institute has 
been singularly happy in developing to 
fruition in its first twenty-five years so 
many of the propositions that it dedi- 
cated to the benefit of mankind when 
it started. | 

Think of the dignified and graceful 
home occupied as headquarters in New 
York, said by an English architect of 
repute to be of all the buildings he saw 
in America the best adapted to its pur- 
pose. We were homeless cuckoos when 
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we began, meeting here and there, en- 
joying the hospitality of other societies, 
like the civils and mechanicals, chang- 
ing our offices eight times in only twenty 
years, and living from hand to mouth 
in a manner utterly beneath the status 
and requirements of a great Institute. 
The first evidence of nationality is a 
permanent seat of government, and I 
for one should have regarded it as a 
misfortune had the Institute twenty- 
five years old still been without a defi- 
nite centre, a house and a hearth, a 
worthy focus for all its activities, and 
a proper organ for the exercise of all 
its functions. Of course it is true that 
the essence of a real living Institute 
does not lie in bricks and mortar. It 
was said once that a certain famous 
man at the end of a log and a student 
at the other end would constitute a 
university; but all students know full 
well that learning must have its endow- 
ments, its faculties, its libraries, its 
laboratories, even its chapels, its stately 
halls, and its physical housing of every 
kind. Some fine natures shrink from 
this realistic clothing of their hopes and 
ideals, but it is a far deeper and truer 
instinct that demands the concrete ac- 
complishment. Every real man wants 
a home. 

At апу rate, the Institute has an- 
swered forever, in satisfactory fashion, 
the question “ Why pay rent? '' and is 
now dealing vigorously with the prob- 
lem '" Why stay in debt?" I am 
rather proud, though not vainglorious, 
of the fact that your Land and Building 
Fund Committee, of which I have the 
honor to be chairman, has raised in 
three years from about 1,000 members 
and friends, the handsome sum of 
$160,000, nearly all of which is paid in. 
It hopes to close its debt-lifting cam- 
paign this winter by getting the 
$20,000 still needed. The committee 
has now and again met with discour- 
agement and disappointment in some 
quarters where it had high hopes, but 
will not relinquish its efforts, til the 
work is done. 1% believes that the 
public spirit and active good-will of the 
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4,000 members who have still to sub- 
scribe will soon free the Institute from 
all this burden, leaving it with an asset 
of rapidly increasing value and with 
all its agencies in unhampered full play. 

The joint library in the new Engi- 
neers’ Building given us by Mr. Car- 
negie is one of the best evidences of the 
good that flows already from the crea- 
tion of the new home. There we have 
what is probably, even now in the 
earlier stages of organization, the best 
collection of engineering literature in 
the world. It is constantly securing 
valuable accessions, and students more 
and more frequent it. Together with 
the grand public librarv on the next 
street, now being finished, it will con- 
stitute the best centre of scientific and 
literary investigation, through the 
printed word, to be found on this con- 
tinent. When our past president, Dr. 
Wheeler, with generous impulse, gave 
us the Latimer Clark library, he little 
thought that from such a nucleus, or 
so soon, would come in reality, both 
the building and the splendid larger 
library it now enshrines. We electricals 
are, indeed. not as appreciative as we 
ought to be of what has come through 
Dr. Wheeler's initiative and liberal gift 
—a critical event in Institute history, 
determining all the future. 

There has been in some minds the 
haunting fear that this building and all 
that it represents, would make for cen- 
tralization in the society, for an undue 
accumulation of power in New York 
hands; but it is a noteworthv fact that 
never before was the establishment of 
Sections and Branches carried on so 
strenuously. Moreover, men who have 
been prominent in the erection of the 
building have been most earnest ad- 
vocates of this policy of decentraliza- 
tion, and past-president Scott, one of 
the foremost in our building work, was 
as a matter of fact the father of the 
modern movement that has brought 
into being such. wonderfully successful 
local bodies as your own, whose use- 
fulness it is indeed hard to compute 
fully, But if you will go back into the 
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annals and archives you will find that 
others of us years ago were strong feder- 
alists and at the Institute meetings 
favored policies aiming at the prin- 
ciples approved in the latter days. The 
vigor of the Sections and Branches is 
cause for profound congratulation, the 
best proof of health; and a pledge of 
universal interest amongst widely scat- 
tered members of the profession, in the 
work of the Institute. 

It would be simply impossible here 
to review the papers and TRANSACTIONS 
of the Institute during twenty odd 
years. <A long serried row of 25 sub- 
stantial volumes, containing 16,000 
pages of printed matter looks at me 
from my book shelves as I prepare these 
notes, and picking out anv one of them 
I find valuable fact and data, theorv 
and speculation, from scores of mem- 
bers. It might all have been done better 
—] know that, from serving years as 
the chairman of the committee on pa- 
pers and meetings— but it was some- 
thing to put into such permanent and 
readilv available form that mass of 
useful material. As one surveys the 
great throbbing, productive domain of 
electricity, it seems easv to get all the 
papers vou want, from anybody you 
choose, but the exact contrary is the 
fact. I am not ashamed to-day that 
my own paper and statistics on electric 
railway work in 1886 was the first of 
the kind in America, but the literal 
truth is I was just a stage manager called 
upon to fill a leading róle suddenly be- 
cause the chief actor in the cast was 
sick. Thus are honors thrust upon us, 
—-and more than once I have said to 
other chairmen left in the lurch: '' Get 
up a paper yourself to fill the gap ''. 
What we really need is a higher sense 
of responsibility toward the Institute 
amongst all members, so that whatever 
the press may publish, our TRANsAC- 
TIONS shall alwavs have the definite 
complete record of a fait accompli. One 
way of getting that result is to have 
yearly reviews of work in each field, 
but such performances tend to become 
hackneyed. to lack real: vitality, and 
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to load the Transactions. In reality 
one of the dangers lies in the natural 
desire of a new president or chairman 
to have his volume of TRANSACTIONS a 
little fatter in sheer bulk than that of 
his predecessor. Such megalomania is 
mild and harmless, but often costly in 
printers’ bills. Probably there will 
never be a time when part of the 
TRANSACTIONS could not beomitted with 
real gain; but the chairman on papers 
has a hard time and must be forgiven 
if his efforts to get the best do not 
alwavs reach the maximum result. Be- 
sides, as the vears go by, much that is 
in the volumes and once was timelv 
loses its sap and savor of the moment 
through nobody's fault. Even in a 
scientific engineering body we are 
swayed by winds of doctrine or moved 
by fancies and phases, and the papers 
committee is most likely to draw con- 
tented audiences when it can promise 
startling topics and the star performer 
of the hour. 

One of the most agreeable features of 
the Institute development has been the 
interchange of courtesies with kindred 
societies abroad. We all know the kind 
of wits attributed to homekeeping 
youth, and even learned bodies are 
found to benefit by a sea change. We 
may yet live to see the Royal Society 
meeting in Chicago; the French Acad- 
emy in session at Montreal; and in these 
davs of politics more villainous than 
saltpetre, let me express the hope that 
some early day the American Institute 
of Electrical Engineers will hold its 
annual meeting in friendly Tokio, when 
the cherry trees are all ablossom. 
Meanwhile we have had the privilege 
to entertain in the land of Franklin, 
the fellow countrymen of Faraday and 
Volta, of Ampere and of Ohm; and 
they too have made us welcome in 
return. ] feel confident that in time, 
this closer touch must lead to more 
intimate union; and that in engineering 
solidarity we shall find one more pledge 
and guarantee of the peace of the 
world... The aptest synonym for engi- 
neering is association. 
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To make laws is a confession of hu- 
man weakness. But the desire to legis- 
late for fellow men springs ever in our 
breasts. The Institute has found abun- 
dant occupation in standardization of 
material, and more latterly has branched 
off into the standardization of morals. 
In all this, only conrmendation can fol- 
low, but there always lurks the peril 
of petrifaction. 

Our little systems. have their day; 

They have their day and cease to be; 


They are but broken lights of Thee, 
And Thou, O'Lord, art more than they. 


No standardization must be final; it 
is only a basis for new departure if it is 
worth anything. Of all others, the elec- 
trical arts are to-day most in a state 
of flux and transition, and the bondage 
of prescription cannot be laid upon 
them. The greater the number of con- 
ditions we agree upon, the larger should 
be the freedom for all else. | 

Codes of ethics are the latest efforts 
at standardization to occupy our 
thoughts in the Institute. It is a sign 
of the times, an admission on the part 
of the individual that before he flays 
alive a corporation he ought to examine 
his own credentials as executioner. We 
must of course all be in sympathy with 
the effort to secure affirmation for such 
a code as is proposed for the Institute, 
but no virtue of purity or salvation 
lies in the code itself. It is a mere for- 
mula of words and phrases. The moral 
law has never been observed by a 
single human being since it was given 
shape, yet the world has steadily grown 
better through the unconscious striving 
of our race upward and onward. Codes 
of ethics are besprinkled thickly through 
the ages; declarations of faith and fer- 
vor come into political platforms once 
a year; and the man who when asked 
to sign the Thirt y-nine articles regretted 
there were not forty does not stand 
unique. By all means let us have a 
code, but do not let us expect too much 
of it. Not long ago a Northerner went 
into a Southern village store and asked 
for a pair of socks, size No. 10. The 
storekeeper was sorry, but he kept only 
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one size, No. 12. '" Why ”, said the 
‚ astonished Northerner, ''surely you 
don't mean to say that every man and 
boy in this village wears the same size 
sock "? ‘‘Oh! по", was the cheerful, 
ready answer, '' but if the socks happen 
to be too long they pulls 'em up at the 
heels, and if they aretoo short they tugs 
‘em down at the toes ". It is thus with 
all codes made like ancient torture beds, 
to fit all cases and all men. 

I find myself wandering from history 
into metaphysics, but a past-president 
has possibly some license, because he 
is supposed to have been reduced to an 
innocuous condition. I seem to have 
covered a good many topics, but all I 
will ask you to credit me with is a 
desire to express my attachment to the 
Institute and an ambition to stimulate 
in the younger members a zeal and 
enthusiasm far greater than I have been 
able to show these twenty-five years. 


Applications for Election. 

Applications have been received by 
the Secretary from the following can- 
didates for election to the Institute as 
Associates; these applications will be 
considered by the Board of Directors 
at a future meeting. 

Any Member or Associate objecting 
to the election of any of these candi- 
dates should so inform the Secretary 
before January 10, 1908. 

6888 D. C. Durland, New York City. 
6889 Walton Clark, Philadelphia, Pa. 
6890 J. F. D. Hoge, New York City. 
6891 C. А. Kelsey, Pittsfield, Mass. 
6892 J. H. Poats, Baltimore, Md. 
6893 Hartley Rowe, Canal Zone, К. deP. 
6894 C. B. Mirick, Washington, D. C. 
6895 T. H. McCaulev, Port Arthur, Ont. 
6896 J. C. Peet, Rochester, N. Y. 
6897 P. C. Schools, Burke, Idaho. 
6898 J. E. Smith, Washington, D. C. 
6899 Н. W. Carey, Ithaca, М. Y. 
6900 Eli Clemens, Gary, W. Va. 


6901 G. C. Ellett, Puebla, Mex. 
6902 George Howe, Mexico City, Mex. 
6903 W. J. Jordan, Los Angeles, Cal. 


6904 C. H. Hughes, Mexico City, Mex. 
6905 G. S. Johnson. Berkeley, Cal. 
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6906 Emil Leonarz, Mexico City, Mex. 
6907 H. R. D.deSinclair, Newark, N. J. 
6908 E. W. Scherr, Jr., New York City. 


'6909 M. S. Towson, Cleveland, O. 
6910 E. D. Ward, Arlington, N. J. 
6911 L. W. Brownrigg, New York City. 
6912 T. R. Bremner, Mexico City, Mex. 
6913 J. ae Couch, Dallas, Texas. 

6914 Julius Hermann, Mexico City, Mex. 
6915 T. н. Seaver, Mexico City, Mex. 
6916 C. A. Bixby, Schenectady, N. Y. 
6917 E. S. Fletcher, Temple, Texas. 
6918 W. E. Ketcham, Yokohaina, Japan 
6919 H. A. Tedman, Chicago, Ill. 


6920 T. W. Winsor, Napa, Cal. 

6921 E. W. Cutler, Chicago, Ill. 

6922 Hugh Fitzhugh, Tuscaloosa, Ala 
Total, 35. 


January Meeting 

At the meeting on January 10, 1908, 
there will be papers on single-phase dis- 
tribution, by W. S. Murray, electrical 
engineer of New York, New Haven and 
Hartford Railroad; also a paper on 
“А New Single-phase Railway Motor ” 
by Ernst Alexanderson, electrical engi- 
neer, General Electric Co., Schenectady. 


Annual Convention 
The Institute has not yet decided 
where to hold the next annual conven- 
tion. Suggestions for a place of meeting 
will be received by the secretary and 
transmitted to the convention com- 
mittee. 


Year-Book 
HE catalogue contained in this issue 
is also printed in a recently pub- 
lished year-book which includes the 
Standardization Rules and the Consti- 
tution. As the entire contents of the 
year-book have appeared in the Pro- 
CEEDINCS, copies have not been sup- 
plied to the membership at large and 
the volume is being used principally in 
connection with the work of the In- 
crease of Membership Committee. Any 
Member or Associate may, however, ob- 
tain a copy upon request by mail or in 
person. 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 


CATALOGUE OF MEMBERS. 


AucusT lst, 1907. 


HONORARY MEMBERS, 
Name and Address. 

Кешу, Lord, D.C.L., LL.D., F.R.S. 
Place, London, S. W., England. 
Preece, Sir WirLiAM H., K.C.B., F.R.S., Consult- 
ing Electrical Engineer, 13 Queen Anne's 

Gate, London, S. W., Eng. 

Honorary Members, 2. 
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AcHESON, Epw. G., President, The Carborundum Co., 
Niagara Falls, N. Y. 


Арлмѕ, ALTON D., Consulting Engineer, State Mutual 
Building, Worcester, Mass. 

Арлмѕ, COMFORT A., Prof. Electrical Engineering, 
Harvard University, Cambridge, Mass 

AHEARN, THOMAS, Ahearn & Super, Electrical Sup- 
plies, Ottawa, Ont. 

ALBANESE, G Sacco, Engineer, 7 rue Saulnier, Paris, 
France. 


ALBRIGHT, Н. FLEETWOOD, Electrical Engineer, West- 
ern Electric Co., 463 West St., New York City. 


ALDRICH, М№пллАМ S., Director, Thomas S. Clarkson 
[Life Member.] Memorial School, Potsdam, N. Y 


ANDREWS, WILLIAM S., Manager Central Station Sales, 
General Electric Co., Schenectady, N. Y 

ANSON, FRANKLIN RoBERT, 52 Broadway, New York 
City. 

ANTHONY, WiLLIAM A., [Past-Prestdent} Consulting 
Electrician, Cooper Union, New York City. 


ARMSTRONG, ALBERT H. [Vice-President], Electrical En- 
ginecr, General Electric Co., Schenectady, N. Y. 


ARMSTRONG, CHAs. G., Consulting Electrical Engineer, 
17 Battery Place, New York City. 


ARNOLD, Bion J.[Past-President], Consulting Electrical 
Engineer, Borland Bldg., Chicago, III. 

ATKINSON, WILLARD S., Supervising Engineer, Uni- 
versity Power Co., Princeton, N. J. 
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Date of Membership. 
H.M. May 17, 1892 


H.M. Oct. 21, 1884 


Date of Election 
and Transfer. 


А Jan. 3,1888 
M May 1,1888 
A Apr. 18, 1893 
M Jan. 17, 1894 
A Jan. 17, 1894 
M Feb. 24, 1905 
A July 12, 1887 
M Sep. 6, 1887 
А Sep. 20, 1893 
M Sep. 27, 1899 
A Sept. 27, 1892 
M June 20. 1894 
A Mar. 15, 1892 
M Apr. 25, 1900 
А Mar. 5, 1889 
M Apr. 22, 1896 
А Fcb. 27, 1895 
M Nov. 23, 1898 
A Dec. 9,1884 
M Tax. 6, 1885 
A June 24, 1898 
M Feb. 26, 1904 
A Sept. 27, 1892 
M Aug. 3I, 1898 
A Oct. 25,1892 
M Nov.15, 1893 
A Oct. 25, 1901 
M Jan. 23, 1903 
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AYER, ms l.. General Manager American Electric 
eating Corporation, Cambridge, Mass. 
Bascock, ALLEN Harwoop([Local Secretary), Electrical 

Eng., S.P. Co., Flood Bldg.. San Francisco, Cal. 
Bapr, Francis B., Eiectrical Engineer, F. B Ваа. 
& Co., 1504 Monadnock Block, Chicago, Ill. 
BaAiLLARD, E. V., Manufacturer of Electrical Instru- 
ments, 24 Frankfort St., New York Citv. 
BarpwiN, Berr L., Mechanical Engineer, 
Building, Cincinnati, O. 
BaNcnorr, Cuas. F.. Electrical Engineer. Massachu- 
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[Life Member] setts Electric Cos.. 84 State St.. Boston. Mass. 


Barbour, Евер Fiske, Manager, Sales Dept. Pacific 
Dist., G. E.Co., Oakland, Cal. 

Barcray, Joun C.. Asst. General Manager, Western 
Union Tel. Co.. 195 Broadway, New York City. 

Barnes, HoweL H. Jr. Consulting Engineer, General 
Electric Co., 44 Broad St., New York City. 

Barstow, WILLIAM S., Consulting Electrical and. Me- 
chanical Engineer, 50 Pine St , New York City. 

BARTON, Pui_ip Price, General Manager, N. F. P. Co. 
& Can. Niagara P. Co., Niagara Falls, N. Y. 

BaTCHELOR, CHas., Electrical Engineer, Exchange 
Court Bldg.. 52 Broadway, New York Citv. 

BATES. James H., M.E., Consulting Engineer with Viele, 
Cooper & Blackw ell, New York City. 

BauM. FRANK GEORGE [Vice-President], Consulting En- 
gineer, 1405 Chronicle Bldg., San Francisco, Cal. 

Bay tis, Ropert Мег.50х, The Baylis Co., 140 Washing- 
ton St., New York City. 

BEaAMES, CLARE F. [Local Hon. Secretary]. Manager, San 
Juan Light & Transit Co., San Juan, P. R. 

BEcHTEL, ErNesT J., Electrical Engineer, The Toledo 
Railways and Light Company, Toledo, O. 

BEvELL, FREDERICK, Professor of Applied Electricity, 
Cornell University, Ithaca, N. Y. 

BEHREND, BERNHARD ARTHUR, Chief Engineer, Bullock 
Electric Mfg. Co., Cincinnati, О. 

BELL. ALEXANDER GRAHAM [Past-President). 1331 Conn. 
Ave., Washington, D. C., and Baddeck, N. S. 

BELL, Louis, Ph.D. Consulting Electrical Engineer, 120 
Boylston St., Boston, Mass. 

BENECKR, ADELBERT O. Consulting Electrical Engi- 
neer, 19 Arlington Ave., Vailsburgh, N. J. 
Benepict, HERsCHEL A.. Electrical Engineer, United 

Traction Co.; res. 1220 Western Ave., Albanv, N.Y. 
Berc, Ernst Junius, Engineer, General Electric Co., 
Schenectady, N. Y. 
BERNARD, EpGAR G., Manufacturer, 450 Fulton St., 
Troy, N. Y. 
BERRESFORD, ARTHUR W., B.S., M.E.. Supt. 
Hammer Mfg. Co., Milwaukee, Wis. 
Betts, PHILANDER, [Local Secretary] Electrical Engi- 
ncer, Potomac Power Co., Washington, D. С. 
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LANGTON, Jonw, Engineer, 99 John St., New York 

{Life Member.] City. 

LARDNER, Henry ACKLEY, Chief Electrical Engineer, 
J. G. White & Co., 43 Exchange Pl., New York. 
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19, 
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3] 
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1901 
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A Apr. 
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A Feb. 
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M Dec. 
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ABADIE, EUGENE HILarRIAN, E. Н. Abadie & Co., Bank of Commerce 
[Life Member] Bldg., St. Louis, Мо. June 14, 1905 
ABBEY, FRANK HuMPHnEY, Mechanical Engineer, Gifford-Wood Co., 
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ADAMS, SPENCER, Electrical Engineer, Inca Mining Co., Tirapata, Peru. 
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ALLARD, ARTHUR, Assistant Engineer Mexican Light and Power Co., San 
]ose el Real 22, Mexico City, D. F. Mexico. Dec. ?8, 1906 
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Md. Sept. 25, 1895 
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res., 893 Decatur St., Brooklyn, N. Y. Mar. 29, 1907 


AVERILL, REX GILMAN, Ohio Brass Co., Mansfield, Ohio. Jan. 25, 1907 
AVERRETT, ANDREW E., Engineer, General Electric Co.,; res. 934 State 

St., Schenectady, N. Y. Jan. 3, 1902 
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AYLSWORTH, J. WALTER, Experimenter and Chemist, Edison Laboratory; 
res., 223 Midland 'Ave., East Orange, N. T. Sept. 27, 1901 
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Bacot, EvuGENE Cyrus, Chief Electrician and Designing Engineer, Bibb 
Power Co. Apr. 23, 1903 
BADEAU, CHARLES CUSHING, The Switchboard Equipment Co., Bethle- 
hem, Pa. Apr. 25, 1902 
BAEHR, GEorGE, Chief Electrician, Nat. Tube Co.; res., 516 Willow Ave., 
McKeesport, Pa. Jan. 23, 1903 
BAEHR, WILLIAM ALFRED, Engineer, Laclede Gas Light Co., St. Louis, Mo. 
Feb. 27, 1903 
BacNarL. E. J., General Manager. Adams, Bagnall Electric Co.. 2049 Е. 
100th St., Cleveland, Ohio. Apr. 26, 1907 
BAGOT, CHRISTOPHER GEORGE SEYMOUR, Student, Worcester Polytechnic 
Institute; res., 214 West St., Worcester, Mass. Apr. 28, 1905 
BAILEY, CLIFFORD DEXTER, Student, Polytechnic Institute; res., 861 
Carroll St., Brooklyn, N. Y. Mar. 27, 1903 
BAILEY, EUGENE Tryon, Electrical Engineer, G. and O. Braniff & Co., 
Mexico, Mex. May 14, 1906 
BaILey, Fren. W. C., Consulting Engineer, 1005 Wyandotte Bldg., 
Columbus, Ohio. Feb. 26, 1904 
Вл Еу, THEO. P., Assistant Manager, Chicago Office, General Electric 
Co., 1117 Monadnock Bldg., Chicago, Ill. Apr. 25, 1902 
Bains, THomMas MELLOR, JR.. Engineer and Electrician, Rosebush Mining 
and Leasing Co., Goldfield, Nev Mar. 29, 1907 
BaiNTON, Joun RicHanp, Consulting Engineer, Standard Electric Ele- 
vator Co., Equitable Bldg., Sydney, N. S. W. Oct. 24, 1902 


BAKER, Epwanp STUART, 10 North Church St., Schenectady, N. Y. 
Apr. 28, 1905 
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BAKER, EpwiN STANTON, Electrical Engineer, West Virginia Pulp and 


Paper Co., Piedmont, W. Va. May 15, 1905 
ВАКЕЕ, FRANK J., Vice-President, North Shore Electric Co., 134 Wash- 
ington St., Chicago, IIl. Mar. 29, 1907 


Baker, GEORGE A., Assistant District Operating Superintendent, New 
York Edison Co., 55 Duane St., New York Citv. Mar. 23, 1906 


BA&KER, GEoRGE Oris, Mechanix al and Electrical Engineer, New England 


Engineering Co., New York City. Арг. 27, 1906 
BAKER, HAROLD PETERS, Student, Massachusetts Institute of Technol- 
ogv, Boston, Mass:. res., White Haven, Pa. Mar. 29, 1907 
Baker, Henry САБК, Crocker-Wheeler Co., First St., San Francisco, 
Cal. Mar. 24, 1905 
Baker, HENRY STEVENSON, Engineer, Ontario Power Co., Niagara Falls 
South, Ont. Sept. 28, 1906 
Baker, I. FRALEY, Superintendent’s Office, Sprague Electric Co.; res., 
18 S. Clinton St., East Orange, N. J. June 15, 1904 
BAKER, вн B., Technical Editor, Fuel Investigations, 1014 17th St. 
‚ Wes Washington, D. C. Sept. 27, 1901 
Bust. PERCY ALBERT, Construction Foreman, General Electric Co., 
Schenectady, N. Y. ^ Aug. 25, 1905 
BAKER, WILLIAM Encar, W. E. Baker & Co., Engineers, 27 William St.» 
New York City. June 28, 1901 
BALCOMB, JEAN BART., General Manager, Hudson River Concrete Co., 
26 Court St., Brooklyn, N. Y. july 28, 1905 
BarpwiN, CHARLES FowLER, Chief Engineer Bell Telephone Mfg. Co., 
18 Rue Bondewyns, Antwerp, Belgium. Oct. 23, 1903 
BALDWIN, EDWARD ARTHUR, Electrical Engineer, General Electric Co., 
Schenectady, N. Y. July 26, 1907 
BaLpWIN, GEORGE PORTER, Vice-president Blaisdell Filtration Co., 
Douglass Bldg., Los Angeles, Cal. Nov. 23, 1900 
BaArpwiw, Jas. C. T., American Telephone and Telegraph Co., 125 Milk 
St., Boston, Mass. Apr. 17, 1895 


Вліғоск, REGINALD, Asst. Operating ар. О Montreal Light, Heat & 
Power Co., 150 Park Ave., Montrea Mar. 27, 1903 


Влі1мт, BÉLa, Consulting Engineer, VIII on kornt 9, Budapesth, 


Hungary. June 14, 1905 
BALL, HENRY Price, Electrical Engineer, General Incandescent Arc Light 
Co., 524 W. 57th St., New York City. May 21, 1901 
BALLARD, FREDERICK WAYNE, Mechanical Engineer, Sherwin-Williams 
Co.; res., 13 Rock Court, Cleveland, Ohio. Feb. 27, 1903 
BALLINGER, PHILIPPE Fazio, Manager, Gas Department Charlotte Con- 
solidated Construction Co., C arlotte, N. С. Apr. 28, 1905 
BALsLEY, Аве, Electrical Engade, 802 Lexington Ave., Indianapolis, 
Ind. Oct. 27, 1897 
ВАМВЕЕ WILLIAM CHILD, Electrical Engineer, H. W. Johns-Manville 
Co., 100 William St., New York City. Oct. 25, 1901 


BANGHART, CHARLES SCHUYLER, Superintendent Motive Power, N. Y. & 
Queens Co.. Railway Co. Long Island City, N. Y. Aug. 25, 1905 


Влмсѕ, Cuas. R., Special Agent, American Telephone and Telegraph Co., 


15 Dey St., New York City. Jan. 26, 1898 
Bancs, Epwarp HucH, Engineer, Central Union Telephone Co., Indiana- 
pots, Ind. Apr. 28, 1905 


Bancs, GzeorGE HAROLD, Student, Brooklyn Polytechnic Institute, Brook- 
yn, N. Y.; res., 431 W. 162d St., New York City. Mav 14, 1906 
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Banks, WiLLIAM C., Consulting Electrical Engineer, Thomson- Houston 


Carbon Co., Fremont, Ohio. May 18, 1897 
BANNING, THOMAS ALLEN, Jr.. with board of supervising engineers, 
Chicago Traction Co., Wheaton, Ill. june 21, 1907 
BaARBER, EpwiN Lamont, 4052 West Belie Place, St. Louis, Mo. 
Mar. 1, 1907 

BARBER, Ira WirsoN, Superintendent Electric Light and Power Plant, 
Mount Airy, N.C. Dec. 28, 1906 


BarcLay, GEORGE, New Zealand Volunteers, Palmerston, Otago, N. Z. 
May 17, 1904 


BaRKER, GEORGE WILLSEA The Maintenance Co., 54 Franklin St., New 


York City. Aug. 25, 1905 
BaRKER, Harry, Assistant Editor, Engineering News, 220 Broadway, 
New York City. Mar. 24, 1905 
BARKER, JAMES EDMUND, Manager, Ventura Water, Light & Power Co., 
Ventura, Cal. Apr. 23, 1903 
BARKER, RALPH EMERSON, Assistant Electrical Engineer, General Elec- 
tric Co.; res., 24 Chase St., Lynn, Mass. May 19, 1903 
BARKER, Rosert Jay, Electrical Engineer, Westinghouse Electric and 
Mfg. Co., Ellicott Square, Buffalo, N. Y. Sept. 28, 1906 
BARKLEY, JAMES ALLEN, General Manager, Port Elizabeth Electric Tram- 
way Co., Port Elizabeth, South Africa. Sept. 28, 1906 
Barnes, Davip WickHAM, Selling Engineer, C. & C. Electric Co, 149 
Broadway, New York Cit y. Jan. 26, 1906 
BanNES, EpwARD A., Electrical Expert, Fort Wayne Electric Co. Fort 
Wayne, Ind. Sept. 20, 1893 
BanNES, RALPH NELSON CARPENTER, Boston Manager, Crocker Wheeler 
Co.; res., 16 Little Road, Brookline, Mass. Nov. 23, 1906 
BaRNES, WALTER CLYMER, New York Westchester & Boston Ry. Co., 
30 Broad St, New York Cit y. Nov. 20, 1903 
BARNES, WELDEN FAIRBANKS, Correspondent, Westinghouse Electric 
and Mfg. Co.. Kansas Сиу, Mo. June 21. 1907 
BARNES, WILFRED, [|R. Chief Crane Inspector, Westinghouse Electric 
and Mfg. Co., Pittsburg, Pa. Jan. 27, 1905 


Barnes, WILLARD J., Electrician, The Duncan Co., Mechanicsville, N. Y. 
June 19, 1903 
BARNETT, CARL P., Engineer, 812 Locust St., Kansas City, Mo. 
Jan. 25, 190: 
BanNHAM, Ермсхр KirBy, Columbia Improvement Co., St. Croix Falls, 


Wis. July 28, 1905 
BARNHART, WiLLiaM O., Engineer, Chicago & Oak Park Elevated R.R. 
%о., 1133 W. Lake St., Chicago, lll. July 19, 1904 
BarNUM, Тномаѕ Epson, Assistant Chief Engineer, Cutler-Hammer 
Mfg., 648 34th St., Milwaukee, Wis. Nov. 20, 1903 
BARNWELL, WILLIAM HABERSHAM, ooo Inspector, South Eastern 
Tariff Association, Columbia, S. Sept. 28, 1906 
BaRnR, Јонм B. Electrical Engineer, м Electric Co., 44 Broad St, 
New York Citv. Apr. 25, 1900 
BanR, JOHN Martin, Engineering Salesman, Westinghouse Electric X 
Mfg. Co.; res., 260 Shady Ave., Pittsburg, Pa. Oct. 27, 1905 
BARRETT, JOHN ARNOLD, Electrical Engincer, American Telephone and 
Telegraph Co., 15 Dey St., New York City. Jan. 27, 1905 
BaRRETT, WILLIAM ALEXANDER, Meter Inspector, Missoula Light and 
Water Co.. Missoula, Mont. June 21, 1907 
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Barrows, WILLIAM EpwARD, JR. Instructor, Electrical Engineering, 


Armour Institute of Technology, Chicago, lll. June 21, 1907, 
BagRy, CHARLES Epwarp, Electrical Engineer, General Electric Co. 
Schenectady, N. Y. Sept. 25, 1903 
Barry, Davip, Electrician ard Superintendent, Amherst Gas Co.. Am- 
herst, Mass. Aug. 5, 1806 
pound онх C., Testing Department, General Electric Co., Schenectad y, 
N. Y. Jan. 27, 1905 


Barry, JOHN G., General Electric Co., Schenectady, N. Y. Apr. 23, 1903 


Barstow, WirLIAM AuGustus, Superintending Electrical Engineer, 
Union Iron Work Co., San Francisco, Cal. Apr. 26, 1907 


Влктн, Max RICHARD, Hagelbergerstr. 47 IV, Berlin, S. W. 47, Germany. 
May 165, 1905 


BARTLETT, ENOCH JOSEPH, Assistant Engir eer, Electric Vehicle Co.; res.. 
231 New Britain Ave., Hartford, Conn. June 21, 1907 


BARTON, CHARLES ARTHUR, District Sales Manager, Nernst Lamp Co., 11 
Pine St.; res., 145 W. 105th St., New York City. Jan. 29, 1904 


BARTON, EDWARD James, Assistant Electrical Engineer, Panama Rail- 
road Co. and Electric Light Co., Panama R. de P. Oct. 28, 1904 


Barton, Enos M., President Western Electric Co., 259 So. Clinton St., 


Chicago, Ш. July 12, 1887 
Влктох, GEORGE Lewis, Erecting Engineer, Westinghouse Electric & 
Mfg. Co., Pittsburg, Pa. Oct. 28, 1904 
Barton, ROBERT CHARLES, Seattle Electric Co.; res., 226 Boren Ave., 
North, Seattle, Wash. May 14, 1906 
Bascu, Davin, Switchboard Engineer, General Electric Co., Schenectady, 
N. Y. Mar. 29, 1907 
Bassett, NORMAN CHAUNCEY, Consulting Engineer, Allis-Chalmers Co., 
Milwaukee, Wis. Aug. 25, 1905 
BATEMAN, GEORGE FREDERICK, Student, Cooper Union Day School of 
Technical Science. New York Cit y. Apr. 26, 1907 
ВАТЕ5, FRANCIS REED, Consulting Engineer, Bogart-Bates Co., 508 Pacific 
Block, Seattle, Wash. May 17, 1904 
BarEs, FREDERICK C., Electrical Engineer, General Electric Co., 44 Broad 
St., New York City. | Jan. 20, 1801 
Bates, GEoRGE Мооітом, Sales Agent, Westinghouse Electric and Mfg. 
`o., 716 Board of Trade Bldg., Boston, Mass. July 19, 1904 


Bars, | is W., Atlantic Coast Electric Railway, Asbury Park, N. J. 
Mar. 25. 1904 


Bates, Putnam A., Consulting Electrical Engineer, 42 Broadway; res., 


12 Fifth Ave., New York City. Jan. 20, 1897 
BaTHGATE. OWEN Hami tt, Mechanical Assistant, P. №. Y. & L.I. К.К. 
Co. Power Station, Long Island City, N. Y. Apr. 26. 1907 


Batson, WALTER VENNARD, Electrical Engineer, Hollis French and Allen 
Hubbard, Boston; res., 12 Pratt St., Allston, Mass. June 15, 1904 


Barr, WiLLiAM HARPER, JR., Laboratory Assistant, Drexel Institute, 


Philadelphia, Pa. Nov. 23, 1906 
ВаАттЕҮ, PauL Leon, Electrical Engineer, The Arnold Co., Borland Bldg.. 
181 La Salle St., Chicago, Ill. Dec. 19, 1902 
Bauer, Henry NICHOLAS, Equipment Department Sunset Telegraph & 
Telephone Co., Los Angeles, Cal. June 15. 1904 
Baver, WALTER HENRY, Salesman, Ft. Wayne Electric Works, 408 Atlas 
Bldg., San Francisco, Cal. Dec. 28, 1906 
BauGHER, E. C., Govanstown, Md. Nov. 22, 1899 


(28) 


40 ASSOCIATES. 


Baum, WILHELM, General Electric Co.; res., 1001 Union St., Schenec- 


tady, N. Y. Mar. 24, 1905 
BauscH, FREDERICK EMirL, Manager, Hooven, Owens Rentschler Co., 
1316 Chemical Bldg., St. Louis, Mo. june 28, 1901 
BayYLis, JAMES ADAMS, Electrical. Engineer, The Bell Telephone Co., 
Montreal, P. Q. Sept. 26, 1902 
Bayne, Howanp, Assistant to Dr. M. I. Pupin, Columbia University, 
New York City. Sept. 27, 1901 
ВЕАСН, Howarp LINpsLey, Designing Engineer, Westinghouse Electric 
and Mfg. Co., Pittsburg, Pa. Mar. 29, 197 
BEAL, THADDEUS R., General Manager, Poughkeepsie Light, Heat and 
Power Co., Poughkeepsie, N. Y. Mar. 27, 1903 


Beats, WirtiAM Bryant, Block Inspector, Chesapeake and Potomac 
Telephone Co., 1912 Park Ave., Baltimore, Md. June 21, 1907 


BEAM, VICTOR SHAEFFER, Electrical Engineer, 48 Carleton St., East 


Orange, N. J. Oct. 24, 1902 
Bean, Harry JoeL, Electrical Engineer, California Gas & Electric Cor- 
poration, 1782 Post St., San Francisco, Cal. July 28, 1903 
BEARDSLEE, ROBERT WINSLOW, Engineering Department, J. С. White 
& Co., 43 Exchange Place, New York City. Mar 1, 1907 
BEARD, RICHARD MEEK, Chief Engineer, International District Telephone 
Co., 50 Broadway, New York City. May 14, 1906 
BEARDSLEY, HaviLAH, Sales Agent, Westinghouse Elec. & Mfg. Co., 317 
Joplin St., Joplin, Mo. Feb. 23, 1906 
BEATTIE, MARK BREWER, Electrical Engineer, 305 Commercial Bldg., 
Louisville, Ky. Mar. 29, 1907 
BEATTYS, WILLIAM Henry, JR., Westinghouse Electric Mfg. Co., New 
York Life Bldg., Chicago, Ill. May 19, 1903 


BEAUBIEN, EpGaR Francis, Patent Department, Western Electric Co., 
259 So. Clinton St., Chicago; res., Wilmette, Ill. Apr. 26, 1907 


BeaucHamp, Leon, Manager and Electrical Engineer, Standard Con- 


struction Co., Montreal, Que, Oct. 23, 1903 
Beaujon, ANTON Rupuror, General Manager, East Coast E. L. P. and 
Ice Co., West Palm Beach, Fla. Nov. 25, 1904 
ВЕСКЕТ, BERGIE Barry, Ocean Shore Railway Co., 55 Eleventh St., 
San Francisco, Cal. May 17, 1904 


BECKMAN, MacNus, Consulting Electrical Engineer, Linkóping, Sweden. 
Apr. 28, 1905 

BECKSTRAND, ELiAs HyRuM, Instructor, Engineering Department Uni- 
versity of Utah, Salt Lake City, Utah. Apr. 23, 1903 
BECKSTROM, JOHN A., Superintendent, Switchboard Department Tri- 
State Telephone and Telegraph Co.; St. Paul, Minn. June 21, 1907 
BECKWITH, EDWARD PIERREPONT, Engineer, General Electric Ço., 
Schenectady; res, Garrison, N. Y. June 21, 1907 
BECKWITH, ROBERT STANLEY, Telephone Engineer, Western Electric Co., 
North Woolwich, Eng. Feb. 24, 1905 
BEDELL, CHARLES Hampton, Head of Laboratory, Electro-Dynamic Co., 
Bayonne, N. J. May 19, 1903 


BEDELL, RAYNER MONROE, 20 North Mountain Ave., Montclair, N. J. 
Feb. 27, 1903 


Bee, WILLIAM G., Edison Storage Battery Co., Orange, N. i 


pr. 23, 1903 
BEEBE, Murray C., Associate Professor of Electrical Engineering, Uni- 
versity of Wisconsin, Madison, Wis. Jan. 26, 1898 
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BEEUWKES, REINIER, Assistant Engineer, N. Y. C. & Н. R. R.R., Elec- 


trical Dept. G. C. Station, New York City. Mar. 1, 1907 
Вессѕ, Јонм Irvin, President and General Manager, Mil. Electric Rail- 
way and Light Co., Milwaukee, Wis. Aug. 17, 1904 
BEGOLE, JOSHUA FRANKLIN, Electrical Engineer, Wagner Electric Mfg. 
Co.,; res. 1406 Euclid Ave., St. Louis, Mo. Sept. 28, 1906 
Benan, THOMAS WALTER, Electrical Engineer, Fort Wayne Electric Co., 
Fort Wavne, Ind. Aug. 25, 1905 
BEILSTERN, Louis Epwarp, General Manager, Toledo Railways ard 
Light Co., Toledo. O. July 26, 1907 
BELCHER, WALTER A., Public Service Corporation of N. J., 156 Smith 
St., Perth Amboy, N. J. Mar. 24, 1905 


Ввгром, Davip W., Manager, Westinghouse Electric & Mf Е. Co., Santa 
Rita Bldg., Tucson, Ari. ept. 26, 1902 


BELL, Atonzo C., Owner and Manager, Bell Electric Motor Co., 197 
Wooster St.; res., 59 W. 76th St., New York City. Sept. 27, 1901 


BELL, Harry Lavrretp, Electrical Engineer, Standard Underground 


Cable Co., Westinghouse Bldg., Pittsburg, Pa. Jan. 25, 0 
BELL, Јонм THOMAS Ross, Engineer, Universal Battery Co., Dept. 1, 
795 E. 52d St., New Yor City. Apr. 28, 1905 


BELL, Ora A., Electrical En one Western Electric Co., 463 West St., 
New York; res., 352 117th St., New York City. Aug. 5, 1896 


BELL, UrvssEes S., Assistant Electrician, South Eastern Tariff Associa- 


tion, Atlanta, Ga. Oct. 28, 1904 
BELLMAN, JOHN Jacops, President, Bellman & Sanford, 149 Broadway, 
New York City. Dec. 28, 1898 
BELLowsS, BRIAN CHANDLER, American Telephone & Telegraph Co., Rich- 
mond, М.Ү. ОУ. 24, 1905 
BELNAP, La Момте, J., District Engineer, Allis-Chalmers-Bullock, Ltd. 
Sovereign Bank Bldg., Montreal, Que. Apr. 23, 1903 
BELT, WILLIAM BRADLEY TYLER, Superirterdent, Nebraska Telepl ore 
Co., 202 S. 18th St., Omaka, Neb. ju: e 21, 1907 
BEMENT, A., Consulting Mining and Mechanical Engineer, American 
Trust Bldg., Chicago, Ill. Apr. 27, 1906 
BENDHEIM, BERTHOLD HERBERT, F. E. Newbery & Co., Century Building, 
et: Louis, Mo. Sept. 28, 1906 
BENDEKE, CARL, Draftsman, New York Edison Co., New York City; 
res., 280 Henry St., Brooklyn, N. Y. jan. 25, 1907 
BENEDICT, VALLETTE Lyman, Power and Mining Dept., General Electric 
Co., Los Angeles, Cal. Feb. 23, 1906 
BENEZE, WiLLIAM, Chief Electrician, Maryland Telephone Co.; res., 124 
Stafford St., Baltimore, Md. Jure 21, 1907 
BENJAMIN, GEORGE R., Electrical Department, Western Union Telegraph 
Co., 195 Broadway, New York City. July 26, 1907 
BENJAMIN, REUBEN B., President Benjamin Electric Mfg. Co.; res., 2046 
Gladys Ave., Chicago, Ш. Маг. 1, 1907 
BENNET, ORVILLE G., Jr., American Trading Co., Yokohama, Japan. 
May 14, 1906 
BENNETT, CHARLES EDWARD, with L. B. Stillwell, 100 Broadway, New 
York City. June 15, 1904 


BENNETT, EDWARD, Electrical Engineer, Telluride Power Co., Provo, Utah. 
Sept. 27, 1901 
BENNETT, EDWARD R., Superintendent, Sayre Electric Co., Sayre, Pa. 
; June 14, 1905 
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BENNETT, Epwin H., Jr., Electrician and Engineer, ы Mfg. Co., 


Elizabethport, une 20, 1894 
BENNETT, JOHN C., Electrician, General Electric Co., 44 Broad St., New 
York City. Mar. 18, 1890 
BENNETT, RALPH, Consulting Engineer, 136 Witmer St., Los Angeles, Cal. 
Oct. 23, 1903 


BENNETT, WILLARD S., Engineering Department, The S. S. White Dental 
Mfg. Co., 5 Union Square, West, New York City. Oct. 25, 1901 


BENOLIEL, Sor. D., B.S., E.E., A.M., General Manager. International 


Chemical Co., Camden, N. F Oct. 21, 1896 
BENTLEY, Epwarp M., Patent Attorney and Expert, 120 Broadway, 
New York City. May 21, 1901 
BenTLey, Merton H., Electrical Engineer, 930 Flournoy St., Chicago, 
Ш. Oct. 18, 1893 
BENTLEY, WILTON, Universal Electric Storage Battery Co., 36 Union Park 
Place, Chicago, Ill. July 28, 1903 
Beran, THEODORE, Manager, General Electric Co., 44 Broad St., New 
York City. July 25, 1902 


Berc, Epwin Victor, Draughtsman, Twin Falls, Idaho. Арг. 22, 1904 
BERG, у" Electrical Engineer, General Electric Co., Schenectady, 


Nov. 20, 1895 
Berc, GEorGE Hewes, Sales Manager, Berkshire Co., 16 Columbus Ave., 
Boston; res., Brookline, Mass. Apr. 23, 1903 


BERG, Max А., Secretary, Porter & Berg, 303 Dearborn St., Chicago, Ill. 
May 19, 1903 


BERGELIN, Тновѕтем, Assistant Ergireer, Utah Light ard Railw ay Co.; 


res., 571 So. Main St., Salt Lake City, Utah. Apr. 26, 1907 
BERGEN, Francis Patrick, Electrical Engineer, Hotel Dale, 1037 
Fillmore St., San Francisco, Cal. June 19, 1903 


BERGEN, Отто, Engineer,’ Katalla Co., Katalla, Alaska. Apr. 23, 1903 
BERGENDAHL, CHRISTIAN JOHAN GustaF, Electrical Inspector, Urder- 


writers’ Association, Reading, Pa. Apr. 26, 1907 
BERGENTHAL, Victor W., Wagner Electric Mfg. Co., 2017 Locust St., 
St. Louis, Mo. Jan. 9, 1901 
BERGMAN, Вкорев Jurivs G:son, Electrical Engineer, Elektriska pref- 
ning-sanstalten, Stockholm, Sweden. Feb. 24, 1905 
BERGMAN, SVEN ROBERT, Assistant Engineer, General Electric Co.; res., 
21 Arlington St., Lynn, Mass. | Oct. 28, 1904 
BERN, Emit Gustavus, Electrical Engineer, General Electric Co., Schen- 
ectady, N. Y. Apr. 26, 1907 
BERNAYS, CHARLES EpwiN, Queensland Representative, Noves Bros., 45 
Adelaide St., Brisbane, Queensland. Dec. 18, 1903 
BERNHARD, FRANK Hvoo, Instructor in Electrical Engineering, Armour 
Institute of Technology, Chicago, ПІ. Apr. 26, 1907 
BERNHARDT, Davip F., Chief о J, B. King & Co., 402 Richmord 
Terrace, New Brighton, S. 1, А : jure 21, 1907 
BERNSTEIN, Jurivs, Technical RN, Leeds & Northrup Co., 4901 
Stenton Ave., Philadelphia, Pa. Sept. 22, 1905 
Berry, А. HarL, Gencral Manager, 97 Warren St., New York City; res., 
Montclair, N. J. May 20, 1902 
BERRY, CLYDE ALBION, Telephone Engineer, Western Electric Co., 463 
West St., New York City. June 15, 1904 
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Berry, Epcar Henry, Chief Engineer, Wyckoff Seamans & Benedict, 
Ilion, N. Y. Apr. 23, 1903 


Berry, EpwarpD Rosie, Chemist, En е Laboratory, General Elec- 
tric Co., Lynn; res., 107 Cross , Malden, Mass. Jan. 25, 1907 


Berry, MaxwELL Rurvus, Manager, Souther Brass Works, Atlanta, Ga. 
Nov. 25, 1904 


BERRY, WILLIAM JOHNSTON, Instructor in Mathematics, Brooklyn Poly- 
technic Institute; res., 1937 83d St., Brooklyn, N. Y. Mar. 29, 1907 


Bery, AMAR Natu, Testing Department, General Electric Co., Ltd.; 53 
Kingsbury Road, Gravelly Hill, Birmingham, Eng. Feb. 23, 1906 


Bessey, CARL ATHEARN, Draughtsman, 437 North Central Ave., Austin, 


Chicago, Ш. May 19, 1903 
Bessey, EDWARD ATHEARN, Engineer, General Electric Co., Great 
Barrington, Mass. July 28, 1903 


BBETHELL, FRANK Hopkins, General Manager, Chesapeake & Potomac 
Tel. Co., 722 12th St. N. W., Washington, D. C. Mar. 27, 1903 


BETHELL, U. N., 1st Vice- * resident: The New York Telephone Co., 15 
Dey St., New York City. Jan. 17, 1894 


Betts, Honanr D., E.E., Room 1520, 299 Broadway; res., 264 W. 57th 
St., New York City. Aug. 5, 1896 


BEuGLER, Носн M., Dodge & Day, Drexel Building, Philadelphia, Pa. 
Jan. 23, 1903 


BEuLÉ, ABEL, Chief Electrician, Jackson Electric Railwav Light and 
Power Co.; res., 317 E. Capitol St., Jackson, Miss. Nov. 23, 1906 


BEVAN, Том WiLLiAM, Rio de Janeiro Tramway Light and Power Co., 
Ltd., Avenida Central 76, Rio Janeiro, Brazil, S. А. Aug. 17, 1904 


BEVENUE-MILLER, Epwin Davip, Electrical and Mechanical Assistant, 


Kilburn & Co., Cawnpur, India. Mar. 28, 1902 
Beyer, Henry, Sales Department, Crocker-Wheeler Co., 1315 North 
American Bldg., Philadelphia, Pa. Jan. 25, 1907 
BiBBINS, JAMES ROWLAND, Westinghouse Machine Co., Pittsburg, Pa. 
Dec. 19, 1902 
BICKEL, ACKERT, Manager, Hodge-Walsh, Electrical Engineering Co., 
701 Delaware St., Kansas City, Mo. Mar. 25, 1904 
BICKFORD, Epcar F., Boston & Northern & Old Colony St. Railway 
Co., 84 State St., Boston, Mass. Mar. 23, 1906 
BICKNELL, Dana EpwiN, Assistant in Inspection Dept., Western Electric 
Co., 57 Bethune St., New York City. june 28, 1901 
BIDDER: ЛАЙК G., Electrical and Scientific Instruments. 1114 Chestnut 
, Philadelphia; res., Wallingford, Pa. Aug. 5, 1896 
BIDWELL, Сэн LE D., Sub-Foreman, Western Electric Co.; теѕ., 2033 М. 
Hermitage Ave., Chicago, ПІ. June 21, 1907 
BIEBEL, HERMAN MarrHEWs, Designing Electrical Engineer, Western 
Electric Co., Hawthorn, Ill. Apr. 23, 1903 
BIGLER, EDWARD GoTTLIEB, Draftsman, Western Electric Co.; res., 3251 
Prairie Ave., Chicago, Ill. Mar. 1, 1907 


BicELow, Horatio, Consolidated Railway Co., Norwich, Conn. 
June 21, 1907 


Biyur, Јоѕерн, A.B., President and Manager General Storage Battery 


(Life Member] Co, 42 Broadway, New York City. Mav 15, 1894 
BILDHAUSER, HENRY JEROME, Electrical Engineer, General Electric Co., 
44 Broad St., New York City. Nov. 20, 1903 


BINDEMANN, Harry Otto FERDINAND, Chief Engineer, Rhinisch-West- 
falian, Electricity Works, Essen-Ruhr, Germany. Jan. 24, 1902 
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Bincay, Коверт V., Pittsburg Transformer Co., Pittsburg, Pa. 


Dec. 18, 1903 

BINGHAM, ALBERT RAIGUEL, Operator, Hudson River Electric Power 
Co., Albany; res., Spier Falls, М. Y. June 21, 1907 
BINNEY, HAROLD. Partrer, Binney Breckenstein and Ogden, 2 Rector 
St.; res., 10 Lexington Ave., New York City. July 26, 1907 
BIRCH, ARTHUR Knope, Sales Department, Bullock Electric Mfg. Co., 
Cincinnati, Ohio. Feb. 27, 1903 
Birp, WILLIAM LisTER, Superintendent, Kaministiqua Power Co., Ft. 
William, Ont. Mar. 27, 1903 
Bisaop, WARREN JOSEPH, Erecting Engineer, Allis-Chilmers Co.; res., 
904 Summit Ave., Milwaukee, Wis. Jure 21, 1907 
BisHop, WILLIAM SMART, Engineering Apprentice, Bullock Electric Co.; 
res., 2315 Norwood Ave., Norwood, Ohio. Apr. 27, 1906 
BISSELL, GEORGE WELTON, Dean of Engineering, Michigan Argricul- 
tural Coliege, East Lansir g, Mich. Apr. 23, 1903 
BissiNG, WiLLiAM F., Electrical Engineer and Patent Attorney, Kenyon 
Kenyon, 2 Rector St., New York City. jan. 23, 1903 

Bivins, WaLTER Tuomas, Engineer Electrical Equipment, United 
Railroads, San Francisco, Cal. Jure 21, 1907 
Brack, Cuas. N., Ford, Bacon & Davis, 24 Broad St.; res., 43 E. 57th 
St., New York City. Apr. 19, 1890 
BrLAck, Howarp D., With Blackall & Baldwin, 39 Cortlandt St.; res., 340 
Manhattan Ave., New York N. Y. Sept. 15, 1897 
Brack, Newton HENRY, Instructor, Physics and Chemistry, Roxbury 
Latin School, Boston; Mass. June 21, 1907 
Brack, Ковевт Given, Electrical Engineer, Toronto Electric Light Co., 
Toronto, Ont. May 21, 1901 


Brack, Roy Harry, 1457 Page St., San Francisco, Cal. July 28, 1903 
Brack, SAMUEL Duncan, Electrical Engineer, The Rowland Telegraphic 


Co., Baltimore. Mar. 27, 1903 
BLACKALL, FREDERICK S., 39 Cortlandt St.; res., 51 Manhattan Ave., 
New York. Sep. 15, 1897 
BLACKWELL, HENRY FizELp, Electrical ard Dept. of Water Supply, 
Municipal Building, Brooklyn, N р Sept. 25, 1903 
BLACKWELL, Howarp LANE, Assistant in Physics, Harvard University; 
res., 160 Brattle St., Cambridge, Mass. jan. 24, 1902 


BLACKWELL, Russ F., General Manager, Coeur d' Alene & "oe Rail- 
way Co., Coeur d'Alene, Idaho. ct. 27, 1905 


BLAKE, Epwin Mortimer, Professor of Mechanical Engineering, Uni- 
versity of Arizona, Tucson, Ariz. Mar. 1, 1907 


BLAKE, EDWIN TYLER, 2233 Piedmont Way, Berkeley, Cal. May 19, 1903 
Brake, Er: Jupson, Draftsman, Electrical Engineers’ Office, N. Y. C. & 
H. 


R. R.R.; res., 57 N. 7th St., Newark N. J. Mar. 25, 1904 

Buake, Henry M., Superintendent, The Jenkintown Light Co., Wyncote, 
Pa. July 28, 1903 
BLAKE, Henry W., Editor, Street Railway Journal, 239 W.39th St., New 
York City. Nov. 13, 1888 
Brake, S. Henry, [Local Secretary] Engineer of Arc Lighting, Stanley 
С. I. Electric Mfg. Co., Pittsfield, Mass. April 23, 1903 


ЗАКЕ, THEODORE W., Electrical Engineer, Goodyear Insulating Co., 
1955 Park Ave.; res., Engineers’ Club, New York. Sept. 20. 1893 


BLAKEMORE, MavRICE NEVILLE, Electrical Engineer, with Westinghouse 
E & M Co, Pittsburg; res., Wilkinsburg, Pa. Jan. 25, 1901 
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BLAKENEY, HENRY Geisen, Tester, Dallas Electric Light and Power Co., 
Dallas, Tex. Jure 21, 1907 


BLAKESLEE, HENRY JONES: Superintendent, Bureau of Gas and Elec- 
tricity, Room 111, Court House, Syracuse, N. Y. Aug. 22, 1902 


Вілгоск, IRA ALLEN, Chief Electrician Florida East Coast Railway Co., 


St. Augustine, Fla. Dec. 28, 1906 
BLANCHARD, CHARLES M., General Superintendent Black Band Coal & 
Coke Co., Chilton W. Va. Sep. 19, 1894 
BrEo, WirLiAM Ericson, Inspector Elec. Dept. Dist. of Columbia; res., 
464 Louisiana Ave., Washington, D. C. Jan. 23, 1903 
BLEYER, ARTHUR, Estimator, М. B. Foster Electric Co., 949 Broadway; 
res., 449 E. 57th St., New York City. May, 14 1906 
Briss, DoNArD M., President and Engineer-in-chief, Engineering Speci- 
alty Co., 143 Liberty St., New York City. June 19, 1903 
Briss, Louis DENTON, Principal Bliss Electrical School, 219 G St., N. W., 
Washington, D. С. July 12, 1900 
Briss, WiLLiAM L., B.S., M.M.E., President Bliss Electric Car Lighting 
Co., 136 Liberty St., New York City. Mar. 21, 1894 
BLIZARD, CHARLES, 3d Vice- President Electric Storage Battery Co., 
19th St. and Allegheny Ave., Philadelphia. Nov. 21, 1894 


BLIZARD, JOHN WALTER FREDERICK, Chief Draughtsman, Ke Mur Tele- 
phone Co., Philadelphia, Pa. ay 17, 1904 


Віохск, WiLLiAM A. Consulting Electrical Engineer, 404 Fisher 

Bldg., Chicago Ill. Apr. 23, 1903 
BLONDEL, ANDRE E., 41 Avenue de la Bourdonnais, Paris, France. 

May 15, 1905 

BLoop, Grosvenor TARBELL, Electrical Engineer, American Telephone 

and Telegraph Co., 15 Dey St., New York City. Mar. 27,1903 

Віоѕѕом, Francis, Sanderson & Porter, 52 William St., New York City. 

July 25, 1902 

BoERi, ALBERT P., Engineering Dept., The N. Y. Telephone Co., 15 Dey 


St., New York City. Dec. 18, 1903 
Восем, Louis E., Estimating Engineer, Bullock Electric Mfg. Co., 
Cincinnati, O. May 16, 1899 
BoGuE, CHARLES J., Chas. J. Bogue Electric Co., 213 Center St., New 
York City. Dec. 3, 1889 
BoLAN, THOMAS V., Engineer, General Electric Co., Witherspoon Bldg. 
res., 518 М. 40th St., Philadelphia, Pa. . Aug. 5, 1899 
BorpENWECK, FELIX WILLIAM, Engineering Department, Western Elec- 
tric Co.; res., 27 Stratford Pl., Chicago, Ш. Mar. 25, 1904 
BoLpMAN. Curtis F., Engineering Apprentice, Westinghouse Elec. and 
Mfg. Co., East Pittsburg, Pa. Jan. 25, 1907 
BorLEs, FRANK G., International Specialties Co., 12 Gold St., New York 
City. May 21, 1901 
BorskER, Mines OnroN, Spokane, Wash. Apr. 26, 1907 


Вомр, ARTHUR B., Power Depa niment Syracuse Lighting Co., Syracuse, 
N. Y. Mar. 25, 1904 
BoNINE, CHARLES EDWARD, Rosmalen Bonine Electric Co., 1236 
Orkney St., Philadelphia, Pa. June 19, 1903 
BoNNARJEE, BASANTA CHANDRA, Electrical Engineer, Long Beach, Cal. 
Jan. 27, 1905 

Bonney, ROBERT BRIDGE, Colorado Telephone Co., 1421 Champa St., 


Denver, Colo. : Mar. 27, 1903 
BoNvuN, MoncAN Evan, small Motor Specialist, General Electric Co., 
Atlanta, Ga. Mar. 25, 1904 
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Boorse, Jesse M., Engineer on Construction, Omaha Electric Light and 


Power Co.; res., 825 Park Ave., Omaha, Neb. Sep. 28, 1906 
BoorH, WirnLiAM THoMas, Electrical Engineer, Eng. Dept. Western 
Electric Co., 463 West St., New York City. june 19, 1903 
Borcer, Henry Epwin, Electrical Engineer, Dayton Electrical Mfg. 
Co.; res., 70 Springfield St., Davton, O. Mar. 1, 1907 


Borie, RENSHAW, Long Island R.R., Morris Park L. I., N. Y. Mar. 25 1904 
BoORTENLANGER, JOSEPH A., General Contractor, 1614 Farnam St., 


Omaha, Neb. June 19, 1903 
Bourne, CHARLES Oscar, Electrician, U. S. Navy Yard, Boston; res., 
218 Howard St., Melrose, Mass. july 19. 1904 
BousrEAD, JAMES Тімотнү, President, Electric Machinery Co.; res., 
Calhoun Boulevard, Minneapolis, Minn. Sep. 28, 1906 
BowbpEN, оиу Massy, Mulberry, Fla. Sept. 25, 1903 


BowEN, ABRAM CLERKE, District Inspector, New York and New Jersev 
Telephone Co., 25 Market St., Morristown, N. J. July 26, 1907 


Bowen, BENJAMIN JAMES, Equipment Ergineer, New England Telephone 
and Telegraph Co., 101 Milk St., Boston, Mass. Apr. 26, 1907 


Bowen, Harry W., Patent Attorney, Chapin & Co., 310 Main St., 


Springfield, Mass. Mar. 1, 1907 
Bowie, AucusTUSs Jesse, Jr., Irrigation Engineer, U. S. Department of 
Agriculture, Washington, D. C. May 15, 1900 
Boyce, Ernest WaLroN, Student, Polytechnic Institute of Brooklyn; 
res., 502 Dean St., Brooklyn, N. Y. Jan. 26, 1906 
Воүр, Hven Harkness, Assistant Electrical Engineer, Canadian Pacific 
Railway Co., Winnipeg, Carada. Apr. 26, 1907 
Воүр, VALENTINE, Power Plant Salesman, Canadian General Electric Co., 
Ltd.; res., 181 Bloor St. E., Toronto, Ont. Feb. 26, 1904 
BOYDEN, CLARENCE GILBERT, Operator of Autographic Test Car, with 
A. B. Herrick, Ridgewood, N. J. Sep. 28, 1906 
BovpEN, Јонх Hanson, Electrical Patent Expert, Meyers, Cushman and 
Rea, 510 McGill Bldg., Washington, D. C. Jan. 25, 1907 
Boyer, FRANK N., Manager Supply Department, General Electric Co.; 
Monadnock Building, Chicago, Ill. June 19, 1903 
BozartH, Harvey, Ft. Wayne Electric Co. 110 State St., Boston, 
Mass. Jan. 26, 1906 
BRACKETT, Byron B., Professor of Electrical Engineering, Clarkson 
School of Technology; Potsdam, N. Y. Nov. 30, 1897 
BRACKETT, Pror. Cyrus F., Princeton, N. J. Apr. 15, 1889 
BRADDELL, ALFRED E., Sprague Electric Co., 527 W. 34th St., New York 
City. Sept. 1, 1890 


BRADFIELD, WILLIAM WALTER, Chief Electrical Engineer, Marconi Wire- 
less Tel. Co., of Am., 27 William St., New York City. Mar. 27,1903 


BRADFORD, WILLIAM, Superintendent of Manufacture, Lincoln Gas and 


Electric Light Co., Lincoln, Neb. June 21, 1907 
BRADLEY, ALoxzo B., Electrical Engineer, 41 Park Row, New York 
City. . Aug. 22, 1902 
BRADLEY, KENNETH MceCrunE, Foreman, Transformer Testing Depart- 
ment General Electric Co., Lynn, Mass. Apr. 23, 1903 
BRADLEY, WILLIAM EARLE, Electrical Engineer, Howson and Howson 
32 S. Broad St., Philadelphia, Pa. Mar. 23, 1906 
Brapby, NicHorLas F., Treasurer, The N. Y. Edison Co., 57 Duane St., New 
York City. May 21, 1901 
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Brapy, PauL T., Westinghouse Electric and Mfg. Co., 11 Pine St., N. Y. 
July 12, 1887 


Brapy, WirLIAM Burke, Electrical Engineer, Brown Hoisting Machinery 


Co., Cleveland, O. Mar. 25, 1904 
BRAGA, EpvARDo, JR., Assistant Electrical Engineer, Lidgerwood Mfg. 
Co., Ltd., Sao Paulo, Brazil, S. A. Feb. 27, 1903 
Bracce. GEoncE Henry, Pacific Gas & Electric Co., 925 Franklin St., 
San Francisco, Cal. . Nov. 24, 1905 
BRALLEY, WALTER SuviER, Assistant Engineer, General Electric Co., 
Schenectady, N. Y. Nov. 23, 1906 
BRAMHALL, CHARLES А., Manager, Diehl Mfg. Co., 561 Broadway, New 
York City; res., Allendale, N. J. May 17, 1904 
BraNncuH, BENJAMIN HannisoN, Virginia Passenger and Power Co., Rich- 
mo..d, Va. Nov. 23, 1906 
BRaNcH, GEorGE InviNc, Draughtsman, Electrical Department, N. Y. C. 
and Н. R. R.R. Co.; New York City. Apr. 26, 1907 
BRANDAO, BENJAMIN, Electrical Engineer, Empresa Forca e Luz de 
Pouso Alegre, Bello Horizonte, Brazil Sept. 28, 1906 
BRANDAO, JULIO VivgiRos, C.E., Rua Barao do Flamengo 8, Rio de 
Janeiro, Brazil, S. A. Jan. 25, 1901 


BRANDENBURGER, LEO, Telluride Power Co., Provo, Utah. Oct. 27, 1905 
BRANDT, ALBERT Upp, Inspector, California Gas and Electric Corp., 


272 62d St., Oakland, Cal. Mav 15, 1905 
BRATNEY, JOHN FREDERICK, Engineer, Bell Telephone Co., of Mo., 
Telephone Building, St. Louis, Mo. Dec. 18, 1903 


BRAUN, CHRISTIAN Epwanp, Draughtsman, Western Electric Co., New 
York City; res., 33 Hinckley Ave., Brooklyn, N. Y. Sept. 27, 1901 
Bray, CHARLES AYERS, Electrical Engineer, 702 Gay St., Knoxville, 


Tenn. May 19, 1903 
Braysnaw, J., Telegraph Superintendent Great Southern Railway, City 
of Buenos Aires, A. R. Aug. 5, 1896 
BRECK, CHESNEY YALES, Westinghouse Electric and Mfg. Co., Denver, 
Colo. July 28, 1903 
BREED, Everett Mark, District Manager, Allis-Chalmers-Bullock Co., 
Ltd., Varcouver, B. C. Apr. 26, 1907 


BREED, GEoRGE, Consulting Engineer, 931 Real Estate Trust Building; 
res., 406 W. Price St., Germantown, Philadelphia, Pa. Jan. 29, 1904 


BREESE, CHARLES PARKER, Breese & Mitchell, Atlantic Trust Bldg., 


Norfolk, Va. Mar. 27, 1903 
BnEssAN, ANTHONY, Electrician, Helios Manufacturing Co., Bridesburg, 
Ра. Мат. 24, 1905 
Brett, }АМЕ5 A., Westinghouse Electric & Mfg. Co., 1104 Traction 
Building, Cincinnati, Ohio. Apr. 23, 1903 


BREWSTER, WALTER Scott, Electrician, Standard Underground Cable 
Co.; res., 65 Kearney Ave., Perth Amboy, N. J. Apr. 26, 1901 
BRIDGE, JAMES WELDON, United Coal Co., 901 Bank for Savings Building, 
Pittsburg, Pa. Jan. 27, 1905 
BRIDGMAN, GREENVILLE TEMPLE, 264 Newbury St., Boston, Mass. 
Dec. 18, 1903 
BRIESEN, Hanorp V., Engineering Department, American Telephone and 
Telegraph Co., 22 Thames St., New York Cit y. june 28, 1901 
Briccs, WaLLACE WHEATON, District Office Manager, Westinghouse 
E. & M. Co., 2d and Howard Sts., San Francisco, Cal. Feb. 23, 1906 
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Briccs, ZENAS MARSTON, Railway Engineering Department, General 
Electric Co., Schenectady, N. Y. jan. 25, 1907 


BRICHT, GRAHAM, Engineer, 705 Pitts St., Wilkinsburg, Pa. May 19, 1902 


Bricut, HERBERT Loose, Irspector ard Draftsman, New York Certral 
ard Hudson River Railroad, New York City. Jure 21, 1907 


BRIGHTMAN, CARL GORDON, us Lines and Bonding, Old Colony Street 
Railway Co.; res., 31 White St., Taunton, Mass. Apr. 23, 1903 


Briscoe, EpwarRD ANDREW, Engineering Department, Telluride Power 
Co., Telluride, Colorado. Jan. 27, 1905 


Bniscog, HERBERT WITHINGTON, Salesman, Ft. Wayne Electric Works, 
325 Lincoln Trust Bldg., St. Louis, Mo. Mar. 29, 1907 


BnisLEY, Epwanp Betts, V. P. and Treasurer, Standard Engineering 
Corp., 1121 Land Title Bldg. Philadelphia, Pa. Apr. 25, 1902 


BRITTON, JOHN ALEXANDER, General Manager, California Gas and Elec- 
tric Corporation, 925 Franklin St., San Francisco, Cal. July 28, 1905 


Bnixev, W. R.. Proprietor and Manufacturer, Day's Kerite Wire and 


Cables, 203 Broadway, New York City. Sept. 20, 1893 
BROADHURST, WM. CHANNING, Electrical Engineer, 320 Greene Ave., 
Brooklyn, N. Y. Aug. 22, 1902 
Brockway, Epwin L., General Feeder Foreman N. Y. C. Ry. Co.; res., 
1020 Simpson St., New York City. Jan. 25, 1907 


BroicH, JOSEPH, Superintendent and Electrician with F. Pearce, 18 Rose 
St., New York; res., 1622 8th Ave., Brooklyn, М. Y. Jan. 17, 1894 


Ввооке, IrvinG EMERSON, Draftsman, John A. Radford, 1325 Mar- 


quette Building, Chicago, ЇЇ. Sept. 25, 1903 
Вһооке, Ковевт Tuomas, JR., Supply Department, Florida Electric 
Co., Jacksonville, Fla. Apr. 23, 1903 
Brooks, Frank Harrison, Lincoln Traction Co., Lincoln, Neb. 
Feb. 27, 1903 
Brooks, GEORGE WAINWRIGHT, Toledo and Chicago Interurban Ry. Co., 
Kendallville, Ind. May 14, 1906 
Brooks, Louis C., Master Electricians C. & R. Dept., Navy Yard, Boston, 
Mass. Aug. 22, 1902 
Broome, GEoRGE WILEY, Electrician, General Electric Co.; res., 832 
Union St., Schenectady, N. Y. june 14, 1905 
Вкорнү, WiLLiAM, Consulting Electrical Engineer, 17 Egleston St., 
Jamaica Plain, Mass. | Mar. 5, 1889 
Brosius, FRANK R., Columbus Railway and Light Co., 410 King Ave., 
Columbus, O. Oct. 28, 1904 
Brosius, JAMES SiMMs, Electric Controller and Supply Co., Cleveland, 
Ohio. May 17, 1904 
BRoucHToN, HanRorp HopckiNsoN, Electrical Engineering Department, 
Technical College, Brighton, England. Sept. 28, 1906 
Вкосснтом, HENRY PRIMM, General Manager, Great Northern Power 
Co., Providence Bldg., Duluth, Minn. Aug. 25, 1905 
BROUGHTON, JAMES RUSSELL, Telluride Power Co., Ames, Col. 
Apr. 23, 1903 
Browp, PauL K., Engineer, 10 line Ligovka 13, St. Petersburg, Russia. 
Feb. 15, 1899 
Brown, ALFRED EvELyn, Partner, Scott and Brown, Christchurch, New 
Zealand. May 17, 1904 
Brown, ARTHUR JAMES, Draughtsman, Bullock Electric Mfg. Co., 
Cincinnati, Ohio. Mar. 27, 1903 
Brown, ARTHUR Nose, Westinghouse Electric & Mfg. Co., New York 
Life Building, Chicago, Ill. Mar. 27, 1903 
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Brown, CARLTON EMERSON, 2317 N. Avers Ave. Chicago, Ill. 


Mar. 27, 1903 

Brown, CHaRLES L., Sales Engineer, Allis-Chalmers Co., Milwaukee, 
Wis. Nov. 20, 1895 
Brown, CLARENCE СтАРР, Assistant Engireer, Bell Telephone Co., 11th 
ard Filbert Sts., Philadelphia, Pa. Jure 21, 1907 
Brown, Dickson QUEEN, Director, Tidewater Oil Co., 11 Broadway 
res., 160 W. 59th St., New York City. May 19, 1903 


Brown, Epwarp CLAUDE, Inspector, Electric Department, N. Y. С. & 
Н. R. R. R.; res., 206 E. 58th St., New York City. Dec. 28, 1906 


Brown, ErLis EvGENE, Manager, Brown Engineering Co., Second Na- 


tional Bank Bldg. Reading, Pa. May 16, 1899 
BRowN, FREDERICK Dirr, Twin City Rapid Transit Co.; res., 3711 
Nicollet Ave., Minneapolis, Minn. Jan. 25, 1907 
Brown, Garry Estep, Edison Electric Ill. Co., of Brooklyn, 360 Pearl 
St.; res., 1284 Dean St., Brooklyn, N. Y. Sept. 25,1903 
Brown, GEorGE WILLIAM, Master Mechanic, Lexington Railway Co., 
Lexington, Ky. Mar. 29, 1907 
Brown, HaRoLD SLATER, Agent, Canadian General Electric Co., 14 King 
St., E., Toronto, Ont. Mar. 29, 1907 
Brown, Harry ARTHUR, Assistant Development Engineer, Central Dis- 
trict and Printing Telegraph Co., Pittsburg, Pa. Dec. 28, 1906 
Brown, Harvey Lancpon, Erecting Engineer, Stanley Electric Mfg. Co.; 
res., 81 Appleton Ave., Pittstield, Mass. Mar. 24, 1905 
Brown, HucH AucuriNcross, Electrical Engineer, Crocker-Wheeler Co., 
Old Colony Building, Chicago, Ill. Mar. 28, 1902 
Brown, HvcH Tuomas, Engineer, Stone & Webster Engineering Cor- 
poration, 84 State St., Boston, Mass. . Jan. 26, 1902 
Brown, JOHN ELLioTT, Electrical Engineer, Consumers’ Electric Co.; 
res., 53 Waverly St., Ottawa, Can. Mar. 27, 1903 
Brown, JOHN RowraNp, Chief Engineer, Mansfield Works, Stirling Con- 
solidated Boiler Co., Mansfield, O. Jan. 26, 1906 


Brown, JAMES Harrv, General Electric Co., Schenectady, N. Y. 
| Sept. 22, 1905 
Brown, JAMES WILBERT, Superintendent Transportation, West Penn. 
Railway Co., Connellsville, Pa. Apr. 28, 1905 


Brown, Percy M., Operator, Huronian Co., Turbine, Ont. 
Jure 21, 1907 


Brown, RoBERT Слітнвор, Consulting Engineer, Toronto Ry. Co.; res., 


St. George Apartments, Toronto, Ont. June 19, 1903 
Brown, Roy WirLcox, Manager, Globe Electric Controller Co., 299 Guy 
Park Ave., Amsterdam, N. Y. Dec. 15, 1905 


BROWN, SYDNEY WILLIAM, Construction Engineer, Canadian Westing- 
house Co., Sovereign Bank Building, Montreal, Que. Мау 19, 1903 


Brown, WALTER EVERETTE, Engineer N. Y. & N. J. Telephone Co., 
res., 1178 Degraw St., Brooklyn, N. Y. May 20, 1902 


Brown, WALTER Scott, Manager, Supply Dept., Kilbourne & Clark Co.; 
res. 113 Marion St., Seattle, Wash. ` Nov. 24, 1905 


BROWN, WALTER THROOP KENDALL, Power and Lighting Engineer, 
Stanley G. I. Elec. Mfg. Co., Pittsfield, Mass. Jan. 25, 1907 


Brown, Warren Day, 79 Park Ave., New York City. Jan. 25, 1901 
Brown, WILFRED JAMES, Repair Electrician, Shawinigan Water and 


Power Co., Shawinigan, Falls, Can. Apr. 26, 1907 
Browne, RoBERT Lewis, Experimenting, Cooper Hewitt, Electric Co.; 
res., 219 W. 83d St., New York City. Dec. 28, 1906 
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Browne, WirriAM Hanp, Jr., Technical Editor, Electrical Review, 1000 
Park Row Building, New York City. Apr. 25, 1903 

Browne, WILLIAM Henry, 86 South 10th St., Brooklyn, N. Y. 
May 20, 1902 


DRONNEEL FRANK WILBUR, Hupson River Teleplore Co., Gosl en, N. Y. 
Apr. 26, 1907 


NEN WILLIAM Henry, York Haven Water and Power Co.; York 
Haven, Pa. Dec. 15: 1905 


BRvcH, CHARLES PATTERSON, Assistant General Manager, Postal Tele- 
graph Cable Co., 253 Broadwav, New York Cit y. Mar. 25, 1904 
BRuNDIGE, JOHN ALVIN, Assistant, Niagara Construction Co., Ltd., Ni- 


agara Falls, N. Y. July 19, 1904 
BRUNDRETT, Ernest Low, General Auditor, United Gas Improvement 
Co., Philadelphia; res., Haverford, Pa. Jan. 27, 1905 
BRUNSKOG, Victor, Engineer, Jeffrey Mfg. Co.; res., 310 W. 9th Ave.; 
Columbus, O. Feb. 26, 1904 
BRUSH, FREDERICK FARNSWORTH, Engineer, 1331 Penobscot Building, 
Detroit, Mich. Feb. 28, 1901 
Bryant, ARTHUR Horace, Tester, Electrical Testing Laboratories, 80th 
St. and East End Ave., New York City. Apr. 22, 1904 


Bryant, FRED L., Consulting Engineer, Spartanburg, S. C. Мау 15, 1905 
BRYANT, JOHN Myron, Instructor in Electrical Engineering, University 


of Illinois, Urbana, Ill. Feb. 26, 1904 
Bryant, WaLpo Cavin, Manager, The Bryant Electrical Co., Bridgeport, 
Conn. May 19, 1903 
BUCHANAN, CHARLES C., Switchboard Inspector, General Electric Co.; 
res., 935 State St., Schenectady, N. Y. Sept. 28, 1906 
BUCHANAN, JOHN LEE, Electrical Engineer, General Electric Co., Schenec- 
tady, N. Y. Dec. 28, 1906 
BUCHANAN, JAMES Robert, Assistant Engineer, General Electric Co., 
Witherspoon Bldg., Philadelphia, Pa. Jan. 26, 1906 
Buck, ArrRED H., Wite Chief, New York Teleploze Co., 114 W. S9th 
St., New York City. July 26, 1907 
Buck, A. Morris, Jr., Electrical Engineer, Westinghouse Electric and 
Mfg. Co., Pittsburg, Pa. June 14, 1905 
Buck, Henry CHasE, Instructor Electrical Engineering American 
School of Correspondence, Chicago, Ill. Mar. 1, 1907 
Buck, Marion Estes, Superintendent, Generating Plant, The Power Co., 
| Norris, Mont. Jan. 23, 1903 
Bucke, WiLLIAM AvcGvsTUS, Agent Canadian General Electric Co., 14 
King St., East Toronto, Ont. Dec. 19, 1902 
BUCKINGHAM, CHARLES L., Attorney and Counsellor-at-Law, Potter Build- 
ing, 38 Park Row, New York City. Apr. 15, 1554 
BUCKNER, BEN FonsvTHE, Assista’t Superi; tendent Overhead Lines, 
Allegl.eny County Light Co., Pittsburg, Pa. Mar. 1, 1907 
Buppy, Harry Јонм, General Selling Agent, General Electric Co., 
Witherspoon Bldg., Philadelphia, Pa. june 19, 1903 
BuECHNER, Cart Aucusr, Student, Polytechnic Institute of Brooklyn: 
res., 225 83d St., Brooklyn, N. Y. Dec. 28, 1906 


BULKELEY, CLAUDE AuGuUsTUS, Board of Education, St. Louis, Mo. 
Sept. 28, 1906 


BULL, Ковккт WiLsowN, Supt., Tri-Bullion, Smelting & Development Co., 
Canton Cit y, Col. Mar. 22, 1901 
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BurLARD, ALBERT Моввіѕом, Engineering Dept., Western Electric Co. 


463 West St., New York City. Mar. 27, 1903 
BULLEN, Dana КіріЕҮ, General Electric Co., Schenectady, N. Y. 
Mar. 28, 1902 


BrLLock, FRANK E., District Inspector, Chesapeake and Potomac Tele- 
phore Co.; res., 929 N. Broadway, Baltimore, Md. June 21, 1907 


Burrock, GeEorGE, President, Bullock Electric Mfg. Co., 71 Broad- 
way, New York City. Feb. 27, 1903 


Bump, МАМ Ray, With Н. L. Doherty, 60 Wall St., New York City. 
Mar. 27, 1903 


Bumpass, WALTER LEONARD, Electrician, Duncan Light and Power Co., 
Duncan, I. T. Sept. 28, 1906 


Bunce, THEopoRE D., President, The Storage Battery Puppy Co., 239 
E. 27th St., New York City. May 20, 1890 


BuNJE, CHARLES, JR., Draughtsman, Public Service Corporation; res., 14 


Webster Ave., Jersey City, N. J. Aug. 17, 1904 
BUNKER, ARTHUR CLIFFORD, 42 Myrtle Ave., Montclair, N. J. 

Oct. 25, 1901 

BvRCHENAL, CHARLES Day, Electrical Engineer, Honolulu Iron Works 

Co., 11 Broadway, New York City. July 28, 1905 


Burk, ADDISON Brown, Jr., Asst., Construction Engineer, Electric Stor- 
age Battery Co., 1400 Association Bldg., Chicago, Ill. Mar. 1, 1907 


Burkett, Cuas. Watson, Chief Engineer, Wisconsin Telephone Co., 


Milwaukee, Wis. Aug. 23, 1899 
BURKHOLDER, CHARLES IRVINE, Manager Operating Dept., Southern 
Power Co., Charlotte, N. C. Apr. 23, 1903 


BURNETT, JAMES AUBREY, Engineering Dept., Montreal Light, Heat and 
Power Co., N. Y. Life Building, Montreal, P. Q. Apr. 26, 1902 


BURNHAM, GEORGE A., Electrical Engineer, Tufts College, Mass. 
Dec. 18, 1903 


BuRNHAM, JOSEPH Lrovp, Designing Engineer, General Electric Co.; res., 


29 Chestnut St., Schenectady, N. Y. Dec. 28, 1906 
Burns, Dawson JaABzz, General Sales Manager, Ward Leonard Electric 
Co., res., 602 W. 146th St., New York City. Jan. 29, 1904 


Burns, Harvey Lynn, Telepl ore Engireer, Western Electric Co., 463 
West St.; res., 10 W. 64th St., New York City. June 21, 1907 


Burns, Omen C., Electrical Operator, І. R. T. Co., 74th St. and East 


River, New York City. Mar. 27, 1903 
Burns, WiLLiAM GiBsoN, Electrical Engineer, with Jabez Burns & Sons, 
542 Greenwich St., New York City. May 19, 1903 

Burr, FRANK DANIEL, 1924 N. Tijon St., Colorado Springs, Col. 
Mar. 1, 1907 
BuRRITT, ALEXANDER HaMILToN, 6 Mt. Vernon St., Cliftondale, Mass. 
Apr. 23, 1903 
Burrows, WILLIAM RUSSELL, Experimenter General Electric Co., Harri- 
son; res., 666 Ridge St., Newark, N. J. Mar. 27, 1903 
Burson, HERBERT ARTHUR, Chief Engineer, Packard Electric Co., St. 
Catharines, Ont. Sept. 26, 1902 
Burt, Austin, General Superintendent, Citizens’ Gas ard Electric Co., 
Waterloo, lowa. June 21, 1907 


BURTON, CHARLES GILLETTE, Manager, Peru Electric Mfg. Co., Peru, Ind. 
Feb. 28, 1902 


BURTON, FRANK VAIL, Bryant Electric Co., 142 State St.; res., 157 Cole- 
man St., Bridgeport, Conn. Mar. 28, 1902 
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Burton, PauL G., Division Supt. Chesapeake & Potomac Telephone Co., 


722, 12th St., Washington, D. C. Nov. 20, 1895 
Воѕн, ARTHUR RICHMOND, General Electric Co., Boston; res., 1479 Beacon 
St., Brookline, Mass. Apr. 23, 1903 
BvsH, GeorGeE Tickios, Engineering Dept., Southern Bell Tel. and Tel. 
Co., Atlanta, Ga. Oct. 26, 1906 


Всѕн, Henry F., Jr.. Erecting Ergireer, Westirglouse Electric ard 
Mfg. Co.; res., 2011 Market St., Philadelphia, Ра. Jure 21, 1907 
BusHNELL, S. MorGan, Engineer, Chicago Edison Co., 139 Adams St.; 


s., Hyde Park Hotel, Chicago, IH. Feb. 27, 1903 
BUSHNELL, WINTHROP GRANT, President, Connecticut Power Co., New 
Haven, Conn. Mar. 27, 1903 
Bust, FREDERICK HOvGETTS, вчен: General Electric Co.; res. 185 No. 
Common St., Lynn, Mass. Jan. 26, 1906 
BurLER, HENRY Wert, Engineer, Manhattan Railway Co.; res., 56 
E. 50th St., New York City. Jan. 23, 1908 
BuTLER, WIL Liam, Electrical Engineer, Lockport Gas and Electric Light 
Co., 107 Grand St., Lockport, N. Y. Apr. 26, 1907 
BuTLER, WILLIAMC., President, The Puget Sound Reduction Co., Everett, 
Washington. Mar. 21, 1893 
BurLER, WILLIAM WILSON SAMUEL, General Manager and Engineer, 
N. N. & O. P. Ry., & Elec. Co., Hampton, Va. Feb. 26, 1904 
BUTTERWORTH, Isaac NELSON, General Manager, Tri-City Electric Co.; 
res., 405 Brady St., Davenport, Iowa. May, 19, 1903 
Burrs, D. Jay, Engineer Salesman, Western Electric Co.; res., 235 West 
128th St., New York City. Mar. 1, 1907 
Вохтом, ГАО Б ELMER, Supply Department, Gereral Electric. Co., 
Sek erectady, N. Y. Dec. 28, 1906 
Buys, ALBERT, Electrical Engineer, Ovid Electric Co., Ovid, N. Y. 
Feb. 7, 1890 
Byers, VERNON Cr vpE, Assistant in Engineering Department, J. G. White 
and Co., 43 Exchange Place, New York City. Apr. 26, 1907 
BviNGTON, ALBERT JACKSON, Consulting Engineer and Contractor, 
Byington & Co., Sao Paulo, Brazil, 5. A. Oct. 23, 1903 
BvLLEsBvy, Henry Marison, President, H. M. Byllesby and Co., New 
York Life Building, Chicago, Ill. May 17, 1904 
BYRNES, EUGENE A., Ph. D., Byrnes & Townsend Patent Lawyers, 1918 
F. St., N. W., Washington, D. C. May 21, 1901 


BvnNs, RoBERT A., Electrical Engineer, 120 Liberty St., New York Cit v. 
Dec. 16, 1896 


Слвот, Francis ELLioTT, Assistant Secy. and Electrician, Boston Board 
of Fire Underwriters, 55 Kilby St., Boston, Mass. Арг. 17, 1895 


CAPR ОП, NELSON, Professor of Electrical Engineering, University of 


ew Mexico, Albuquerque, N. M. Mar. 1, 1907 

Cape, Howarp EpbwaRp, Assistant Inspector, Navy Department, U. 5. 
Government, Pencoyd, Pa. Jan. 26, 1906 

CaApv, LAWRENCE WHITTREDGE, Chief Engineer, W. J. Barr Electric Mfg: 
Co., 1936 E. 59th St., Cleveland, Ohio. Apr. 23, 1903 


CAHILL, THADDEUS, Cabot Street Mill, Holyoke, Mass. Sept. 28, 1906 


CALDERWOOD, HUGH ALEXANDER, Electrical Inspector, Underwriters’ 
Association of the Middle Dept., Pittsburg, Pa. July 28, 1903 
CALDWELL, EDWARD, Importer and Dealer, Technical Books and Period- 
icals, 239 W. 39th St., New York Cit y. Jan. 20, 1891 
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CALDWELL, EUGENE Witson, Electrical Engineer, 36 W. 35th St.; res., 


20 E. 31st St., New York City. Jan. 24, 1902 
CaLiscH, Jutius C., Manager Buffalo Office, General Electric Co., Ellicott 
Square Building, Buffalo, N. Y. Dec. 19, 1902 
CALVERT, RicHaRD С. M., Assistant Chief Electrical Engineers to Govt. 
Mysore, Bangalore, India. Sept. 25, 1903 
CAMERON, GavyLoR MarcorM, Draftsman, Cleveland Electric Railway, 
9902 Lamont Ave., N. E. Cleveland, Ohio. Nov. 23, 1906 


CAMERON, HENRY Francis, Acting M eru Westinghouse E. M. 
Co., 1110 Hibernia Bank Bldg., New Orleans, La. Sept. 22, 1905 


CAMPBELL, GEORGE AsHLEY, Electrica] Engineer, The American Tele- 
phone and Tel. Co., 15 Dey St., New York City. Mar. 27, 1903 


CAMPBELL, Gorpon McKay, Assistant Superintendent, Western Electric 


Co., Hawthorn, Ill. Apr. 27, 1906 
CAMPBELL, HENRY ARTHUR, Electrician, West India Electric Co., Ltd., 
151 Orange St., Kingston, Jamaica, W. I. Sept. 27, 1899 
CAMPBELL, Joun, President and General Manager, Electrical Auditing Co., 
727 O:d South Bldg., Boston, Mass. Feb. 26, 1904 
CAMPBELL, JOHN M., General Manager, Buffalo, Lockport and Rochester 
Railway, Kingston, Ont. Apr. 26, 1907 


CAMPBELL, JOSEPH WILLIAM, Canadian General Electric Co., Ltd., 14 
King St., E.; res., 92 Glen Road, Toronto, Ont. July 28, 1903 


CAMPBELL, WiLson LEE, Assistant Superintendent, Automatic Electric 


Co.; 35 So. Spring Ave., La Grange, Ill. Sept. 22, 1905 
CANADA, WILLIAM JOSEPH, Electrical Inspector, Electrical Inspection 
Bureau, Conover Bldg., Dayton, O. Mar. 25, 1904 


CANDEE, WILLARD L., Manager, Okonite Co., Ltd., 253 Broadway, New 
York City; res., 293 Garfield Pl., Brooklyn, М. Y. Mar. 25, 1904 
CANFIELD, CHARLES ERNEST, Electrical Engineer, Western Electric Co.; 


res., 197 Lexington St., Chicago, Ill. Aug. 22, 1902 
CANFIELD, MILTON C., Electrical Engineer, 1508 Kenilworth Ave., Ohio. 
Feb. 21, 1893 

Cannon, E. F., 309 McKay Bldg., Portland, Ore. May 15, 1905 
CANNON, ROSCOE SHERWOOD, Superintendent, Catawba Power Co., Rock 
Hill, S. С. Sept. 28, 1906 
CaPEN, BERNARD W., Equipment Engineer, Nebraska Telephone Co., 
Omaha, Neb. May 14, 1906 

Carb, Joun Francis, Designing Engineer and Supt. Three Rivers Elec- 
tric Co., Three Rivers, Mich. Aug. 17, 1904 


CARGO, LAWRENCE M., Manager, Westinghouse Electric and Mfg. Co., 
429 17th St.; res., 2714 E. 13th St., Denver, Colo. May 14, 1906 


CARIAPA, CODANDA M., Bangalore, India. July 19, 1904 
CARLE, NATHANIEL ALLEN, Engineer, Westinghouse, Church, Kerr & Co., 
606 Mercantile Bldg., Denver, Colo. Dec. 28, 1906 


CARLE, Ray ARTHUR, Erecting Engireer, Westinghouse Electric and Mfg. 
Co., 1502 Continental Trust Bldg., Baltimore, Md. Apr. 26, 1907 
CARLEBACH, WALTER MAXWELL, Student, Columbia University; res., 


136 W. 86th St., New York City. June 19, 1903 
CaRLIN, WILLIAM Henry, Electrical Engineer, H. Eckstein & Co., Johan- 
nesburg, S. A. Sept. 25, 1903 


CARLTON, WILLARD GILBERT, Superintendent Power, Pt. Morris, Power 
Station, 142d St. and East River, New York City. Oct. 25, 1901 


CARMAN, CHARLES WHITNEY, Partner, Charles Whitney Carman & Co., 
657 Railway Exchange, Chicago, Ill. June 15, 1904 


(28) 


54 ASSOCIATES. 


CARMAN, WARREN RAYMOND, Superintendent, D. Н. Burnham & Co. 


13 Astor Place, New York Cit y. Nov. 23, 1906 
CARNAGHAN, E. D., M. E., Ventanas Consolidated Mining and Milling Co., 
Villa Corona, Do. Mexico. July 26, 1900 
CARPENTER, CHas. E., Cutler-Hammer Mfg. Co., 136 Liberty St., New 
York City. Aug. 5, 1896 
CARPENTER, EUGENE, Newton, Mass. Oct. 28, 1904 


CARPENTER, HENRY Cannon, Assistant in Engineering Department N. Y, 
Telephone Co.; res., 113 E. 69th St., New York City. Oct. 25, 1901 


CARPENTER, Howanp Dotty, [Local Secretary] University of Missouri, 
Columbia, Mo. Mar. 24, 1905 


CARPENTER, HuBERT VENTON, Professor of Mechanical Engineering 
Washington Agricultural College, Pullman, Wash. Feb. 27, 1903 


CARPENTER, LEONARD, Electrical Engineer, Curtis & Hine, Giddings Bldg., 


Colorado Springs, Colo. Mar. 1, 1907 
CARR, ALFRED EDWARD, Electrical Engineer, Power House, Formby, near 
Liverpool, Eng. July 28, 1903 
Carr, Joun HERBERT, Chief Electrician, Arnold Print Works, North 
Adams, Mass. Dec. 18, 1903 
CARROLL, Louis Warprx, Teleplore Engineer, Western Electric Co., 
Chicago; res., Riverside, Ill. Apr. 26, 1907 
CARROLL, Morris B., Construction Department, General Electric Co.. 
Schenectady, N. Y. June 15, 1904 
CARTER, CHARLES EDWARD, Superirterdent of Distribution, Madison Gas 
ard Electric Co., Madison, Wis. Jure 21, 1907 
CARTER, FREDERICK WILLIAM, M.A., British Thomson-Houston Co., Ltd., 
Rugby, Eng. Sept. 28, 1898 
CARTER, GEORGE WILLIAM, Engineering Department, Stanley С. I. 
Electric Mfg. Co., Pittsfield, Mass. Mar. 29, 1907 


CARTER, HENRY | ксп RT, 185 Schermerhorn St., Brooklyn, N. Y. 
Nov. 25, 1904 
CARTER, WirsoN AnprRus, Electrical Ergircer, Denver Gas ard Electric 


Co., 405 17th St.. Denver, Colo. Jure 21, 1907 
CARTWRIGHT, CRELLIN, Engineer, General Electric Co. 23 Water St., 
Yokchama, Japan. Dec. 18, 1903 
Cary, Epwarp EGBERT, President and Treasurer, Edward E. Cary Co., 
59 Park Масе, New York City. Jure 21, 1907 
Cary, WALTER, General Manager, Westinghouse Lamp Co., 510 W. 23d St. 
res., 16 E. 31st St., New York City. Jan. 25, 1907 
Case, HERBERT Monroe, Commercial Engineer, General Electric Co., 
Cincinnati, O. Nov. 24, 1905 


Case, WILLARD E., 196 West Genesee St., Auburn, N. Y. Feb. 7, 1888 
CASSEL, Isaac MICHAEL, General Electric Co., Citizens Buildirg, Cleve- 


lard, Ohio. Feb. 23, 1906 
Cassipy, Joux, Electrical Engineer and Contractor, 159 South King St., 
Honolulu, Hawanan Islands, U.S.A. Nov. 23, 1898 
CASTLE, ARTHUR CowLes, District Engineer, W. E. & Mfg. Co 403 Sec- 
ond National Bank Building, Fittsburg, Pa. Sept. 28, 1906 
CaATCHINGS, Е. P., Electrical Engineer, North Georgia Electric Co., 1222 
Candler Building, Atlanta, Ga. Aug. 25, 1905 
CAUCHOIS, REGINALD WADSWORTH, Student, Columbia University; res., 
458 W. 144th St., New York City. Apr. 26, 1907 
Cave, Ernest L., Resident Engineer, Kolar Gold Fields, Electricity De- 
partment, Oorgaum, Mysore State, 5. India. Apr. 27, 1906 
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СЕси., Tuomas, Chief Electrician, New York Herald, Broadway and 35th 


St.; res., 514 W. 134th St., New York Cit y. Apr. 23, 1903 
CHACE, WIEL AN GREGORY, Electrical Engineer, Room 124, Confedera- 
tion Life Building, Toronto, Ont. Oct. 23, 1903 
CHALMERS, CHARLES HENRY, Vice-president and General Manager, Elec- 
tric Machinery Co., Minneapolis, Mirn. Feb. 27, 1903 
CHAMBERLAIN, AARON FRANKLIN, Westinghouse Electric and Mfg. Co.; 
1104 Traction Bldg., Cincinnati, О. Dec. 19, 1902 


CHAMBERLAIN, FREDERICK ARTHUR, Electrical Ergircer, American Gas 
& Electric Co., Witkerspoon Bldg., Philadelphia, Pa. Jure 21, 1907 
CHAMBERLAIN, Rurvs N., Superintendent, Gould Storage Battery Co., 


Depew, N. Y. Mar. 25, 1904 
CHaPIN, CHARLES Н. B., Contract and Inspection Dept., New York 
Edison Co., 30 W. 32d St., New York Cit y. Oct. 27, 1905. 
CHAPMAN, ALBERT PERCY, Student, Worcester Polytechnic Institute; res., 
45 Institute Road, Worcester, Mass. Sept. 28, 1906 
CHAPMAN, A. WRIGHT, Turner Construction Co., Room 301, 11 Broadway, 
New York City. Mar. 25, 1896 
CHAPMAN, CHARLES ARTHUR, Consulting Engineer, 1041 Marquette Bldg., 
Chicago, Ill. Mar. 24, 1995 


CHAPMAN, FREDERICK STORRS, 123 So. Negley Ave., Pittsburg, Pa. 

Apr. 27, 1906 
CHAPPELL, WALTER E., Engineer, British Westinghouse Electric & Mfg 
[Life Member.) Co., Ltd., Тгаҝога Park, Manchester, Eng. Мау 16, 1899 


CHAPPELOW, Fay Erpow, CFappelow & Goe Adv. Co., Jure 21, 1907 
CHARTERS, SAMUEL Barc ay, Instructor, Leland Stanford Junior Uni- 
versity, Palo Alto, Cal. Jan. 26, 1906 
CHASE, BURDETTE LEONARD, Superintendent of Line Construction, Co- 
lumbus Railway and Light Co., Columbus, O. Feb. 26, 1904 
CHASE. CHARLES ALBERT, Engineer, Mexican General Electric Co., 
Mexico City, Mex. Apr. 23, 1903 
CHASE, MELVILLE B., Westinghouse Electric & Mfg. Co., 131 State St., 
Boston; res., 491 Western Ave., Lynn, Mass. May 15, 1905 
CHATFIELD, CLARENCE EDWARD, Student, Cornell University; res., 614 
E. State St., Ithaca, N. Y. Sept. 28, 1906 
CHEEVER, MARKHAM, Telluride Power Co., Frovo, Utah. Sept. 25, 1903 
CHEEVER, PauL, Niagara Falls, N. Y. Jan. 27, 1905 
CHELLIS. GEORGE FREDERICK, Erecting Engineer, J. G. White & Co., 49 
Exchange Place, New York City. Mar. 24, 1905 
CHENEY, Epwarp J., Assistant Foreman, Testing Department, General 
Electric Co., Schenectady, N. Y. Nov. 23, 1906 
CHESTER, M. E., Telephone Engineer, Western Electric Co., 463 West St.; 
res., 296 Manhattan Ave., New York City. Feb. 28, 1902 
CHESTERMAN, Francis Joun, Engineering Department, New York Tele- 
phone Co., 15 Dey St., New York City. Jan. 25, 1907 


CHEtTWOOD, RoBERT Epes, JR. Assistant Electrician, The American 
Teleph. and Tel. Co., 22 Thames St., New York City. Mar. 27, 1903 


CHiLD, ROLAND SPEAKMAN, Instructor, Brooklyn Polytechnic Institute; 
res., 22 Garden Place, Brooklyn, N. Y. Apr. 26, 1907 
CHILDS, JOSEPH SAMUEL, Electrician, 596 William St., Buffalo, N. Y. 
Mar. 25, 1904 
CuiLps, SuMNER W., Construction Engineer, J. G. White & Co., Rock 
Island, Ill. May 15, 1894 
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CHINN, ORAL Murat, Electrician, Mt. Vernon Electric Light and Railway 


Co., Hotel Fultz, Mt. Vernon, O. Mar. 24, 1905 
CHISHOLM, FREDERICK JOHN, Electrical Engineer, 83 Herry St. 
Brooklyn, N. Y. May 19, 1903 
Сновв, WILLIAM Mason, Assistant Electrical Engineer, Signal Corps, 
U. S. А., 263 Summer St., Boston, Mass. Nov. 24, 1905 


CHUBBUCK, LEONARD Burrows, Engineering Department, Westinghouse 
E. & Mfg. Co.; res., 510 South Ave., littsburg, Pa. Feb. 28, 1902 


CHURCHILL, CLARENCE EVERETT, Superirtendent, Meter Service, Condor 


Water Power Co., Medfoid, Oregon. Sept. 28, 1906 
CHURCHWARD, ALEXANDER, Electrical Engineer, General Electric Co., 
44 Broad St., New York City. Mar. 27, 1903 


CHURCHWARD, ERNEST CALERIDGE, General Manager, Scottish Central 
Elec. P. Co., 34 N. Bridge St., Edinburgh, Scotland. Mar. 29, 1907 


CHRISTENSEN, CHRISTIAN H., Missoula Light ага Water Co., 740 Monroe 


St., Missoula, Mont. Jure 21, 1907 
Crack, CHARLES WILLIAM, Telephone Engineer, Western Electric Co., N. 
Woolwich; res., Finsbury Park, London, Eng. May 19, 1903 
CLAFLIN, GEORGE Epwin, Electrical Engineer, United Electric Securities 
Co., 47 Ames Bldg., Boston, Mass. May 15, 1905 
CLAREMONT, ERNEST ALEXANDER, Managing Director, W. T. Glover and 
o., Ltd.; Manchester, England. Oct. 26, 1906 
CLARK, CHas. M., E.E., Clark & MacMullen, 22 Broad St., aid York 
City. Apr. 22, 1896 
CLARK, CLARENCE DOANE, Engineering Department, California Gas & 
Elec. Co., Napa, Cal. May 19, 1903 
CLARK, FARLEY GRANGER, Superintendent ы" Station, Penn., М. Y. 
& L. I. R.R. Co., Long Ysland City, N. Y. Apr. 26, 1901 


CLARK, NoRMAN FREDERIC, Electrical Engineer, Wm. E. Baker & Co., 
27 William St.; res., 120 W. 116th St., New York City. Jan. 23, 1903 
CLARK, RoBERT J., Assistant to Comptroller, Toronto Railway Co.; res., 
104 Avenue Road, Toronto, Ont. Mar. 29, 1907 
CLARK, TnHoMas E., Electrical Engineer, 193 Cass Ave., Detroit, Mich. 
Feb. 26, 1904 

CLARK, True S., Partner, Bates and Clark Co., 508 Pacific Block, Seattle, 


Wash. Apr. 27, 1806 
CLARK, WaLLACE S., Engineer, Wire, Cable and Tube Department, 
General Electric Co. Schenectady, N. Y. Apr. 25, 1902 
CLARK, WALTER G., President, Parker Clark, Electric Co., 135 Broadway, 
New York City. Mar. 27, 1903 
CLARK, WM. Epwin, Clark & Mills, Engineers and Contractors, 543 
Boylston St., Boston, Mass. Aug. 23, 1899 
CLARK, WILLIAM J., General Manager, Foreign Dept., General Electric 
Co., 44 Broad St., New York Cit y. Apr. 22, 1896 
CLARK, WiNFRED NEWCOMBE, Superintendent, Pueblo & Suburban Trac- 
tion & Lighting Co., Victor, Colo. Mar. 24, 1905 
CLARKE, Henry Puivip, Master Mecharic, New York City Railway Co., 
res., 133 W. 140th St, New York City. June 21, 1907 
CLARKE, HERBERT ALMYR, Consulting Engineer, 6 William St., Auburn 
N. Y. Nov. 25, 1904 
CLARKE, Leon, Electrical Engineer, National Brake & Electric Co., 
Milwaukee, Wis. July 28, 1903 
CLARKE, WILLIAM A., Cashier, Toledo Gas Electric and Heating Co.; res., 
1638 Broadway, Toledo, O. Mar. 1, 1907 
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CLARKE, WiLLIAM B., Manager, General Electric Co., 1518 Park Bldg., 


Pittsburg, Pa. Jan. 25, 1907 
CLARY, CLAUDE L., General Manager, Sikeston Ice, Light and Power Co., 

Sikeston, Mo. May 15, 1905 

CLAY, чн ALLEN, Electrical Engineer, Animas Power & Water Co., 

ilverton, Col. Oct. 28, 1904 

CLayTon, B. WiLL1AM, Engineer, General Electric Co.; res., 631 Western 

Ave., West Lynn, Mass. Mar. 29, 1907 


CLELAND, Harry W., 1012 Wood St., Wilkinsburg, Pa. Dec. 18, 1903 


CLEMENT, Epwarp E., Patent Attorney and Electrical Expert, McGill 
Building, 908 G. St., N. W., Washington, D. C. ay 18, 1897 


CLEMENT, HENRY CHAMBERLAIN, Assistant Engineering Departmert, 
. G. White & Co., New York City. Apr. 26, 1907 


CLEMENT: STEPHEN RoBERrT ADDISON, Testing Department General 
Electric Co., Schenectady, N. Y. Apr. 27, 1906 


СїлЕР, RICHARD CHARLES, Consulting Electrical Engineer, Liverpool & 
Lordon, Chambers, 62 Pitt St., Sydney, N. S. W. Sept. 25, 1903 | 


CLIFT, ARTHUR S., Chief Mechanical Engineer, Siemens Bros. & Co., Ltd., 


Woolwich, Kent, Eng. Sept. 27, 1901 
CLIFT, ROBERT Lee, Traveling Salesman, Electric Supply Co., Memphis, 
Tenn. Apr. 27, 1906 
CLINGERMAN, Byron Horace, Electrical Engineer, Cor. Main & Limestone 
Sts., Springfield, Ohio. May 15, 1905 
CLORAN, GERALD JosEPH, Electrical Engineer, 320 St. Nicholas Ave., 
New York City. June 19, 1903 
CLOUGH, ALBERT L., Manchester, N. Н. Feb. 21, 1894 
CLouGH, FREDERICK Horton, Alternating Current Designing Office, 
British-Thomson-Houston Co., Rugby, Eng. June 19, 1903 
CoaTES, CHARLES Benj., Electrical Engineer, Chicago Pneumatic Tool 
Co., 1010 Fisher Bidg., Chicago, Ill. Jan. 23, 1903 
CoBLE, FREDERICK H., Assistant to Superintendent of Power & Construc- 
tion, with L. B. Stillwell, Baltimore, Md. May 15, 1905 
COCHRAN, BERRY Wynn, Engineering Department, Southern Bell Tele- 
phone Co., 92 Pulliam St., Atlanta, Ga. June 19, 1903 
COCHRANE, Harry HAMILTON, Engineer, Butte Electric & Power Co., 
Butte, Mont. Nov. 25, 1904 
Cockey, EpMUND AucustTus, Jr., Construction Man, Westinghouse Elec-, 
tric & Mfg. Co., Baltimore, Md. Oct. 27, 1905 
CopMAN, JOHN Ѕтовсіѕ, Consulting Engineer, 220 Devonshire St.; res., 
57 Marlborough St., Boston, Mass. Feb. 15, 1899 
Copy, L. P., Manager and Engineer, Grand Rapids Electric Co., 9 South 
Division St., Grand Rapids, Mich. Aug. 5, 1896 
Сок, ELMER RANSOM. Assistar.t to Electrical Engireer, Union Switch and 
Signal Co., Swissvale, Pa. Mar. 1, 1907 
СОЕҮ, STEWART CLARK, Assistant in Electrical Department, J. G. White 
& Co., 43 Exchange Place, New York City. Apr. 26, 1907 
Corrin, CHas. A., General Electric Co., 44 Broad St., New York City. 
Dec. 6, 1887 


CorriN, FRANCIS PARKMAN, Engireer, Research Laboratory, General 
Electric Co. res., 228 Union St., Schenectady, М.Ү. Mar. 23, 1906 


Corrin, STANLEY D., Western Electric Co., 259 S. Clinton St., Chicago, 


res., Riverside, Ill. Mar. 24, 1905 
COFFMAN, CHARLES Henry, Electrical Engineer, National Telephone and 
Electric Co., Clinton, Ill. Sept. 28, 1906 
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CocaN, Henry MANNING, Electrical Engineer, The American Sugar 


Refining Co., Kent Ave., Brooklyn, N. Y. Sept. 26, 1902 
COGGESHALL, ALLAN, N. Y. & N. J. Telephone Co., 547 Clinton Ave., 
Brooklyn, N. Y. jan. 27, 1905 
COGGESHALL, ROBERT FARRINGTON, General Electric Co.; res., 18 Rugby 
Road, Schenectady, N. Y. Dec. 28, 1906 
Coccin, WiLLiAM Lorp, Tester General Electric Co.; res., 10 Arlington 
St., Lynn, Mass. Apr. 22, 1904 
CocHLIN, JOHN P., Electrical Engineer and Contractor, Page Electric Co., 
24 Pearl St., Worcester, Mass. Sept. 27, 1901 
CoHEN, Doucras Hart, Engineering Draughtsman, Westinghouse, 
Church, Kerr & Co., New York Cit v. Jan. 25, 1907 


Сонем, Louis, Librarian, Bureau of Standards, Washington, D. С. 
Jan. 25, 1907 
Соно, HERBERT B., Sales Manager, Burke Electric Co., 26 Cortlandt St.. 


New York City; res., Mt. Vernon, N. Y. Mar. 21, 1894 
CoKEFAIR, CHARLES Corr, President, Great Northern Development Co., 
Duluth, Minn. | Oct. 26, 1906 
COKEPAIR, FRANCIS ALBERTON, Chief Engineer, Great Northern Power 
Co., Duluth, Minn. Sept. 25, 1903 
CorBv, SAFFORD KINKEAD, Treasurer Pierson Roeding & Co., 77 New 
Montgomery St., San Francisco, Cal. May 19, 1903 
CoLDWELL, ORIN B., Operating Superintendent and Electrical Engineer, 
Portland General Electric Co., Portland, Ore. Mar. 27, 1903 


CoLe, ARTHUR WILLIAMS, Instructor, Mechanical Engineering, Purdue 
University; res., 523 Russell St., W. Lafayette, Ind. Nov. 23, 1906 
CoLE, GEORGE MARSHALL, Engineer, Plattsburg Light, Heat & Power 


Co., Plattsburg, N. Y. july 25, 1902 
CoLE, GEORGE Percy, Engineering Dept., Allis-Chalmers-Bullock Co., 
Ltd., Montreal, Que. Oct. 23, 1903 
Core, HENRY ERNEsT, Electrical Engineer, 1023 Park Building, Pitts- 
burg, Pa. July 28, 1903 


Core, James E., Chief Electrician, Wire Department, Сиу of Boston, 
11 Wareham St.; res., 64 Perham St., Boston, Mass. July 26, 1907 


CoLe, JAMES LEVERN, Assistant Foreman, Westinghouse Electric and 


Mfg. Co., Newark, N. J. Dec. 28, 1906 
CoLEMAN, Epwarp J., Superintendent, N. Y. City Interborough Railway 
Co.; res., 2004 Washirgton Ave., New York City. Apr. 26, 1907 


CoLEMAN, 5. WALvo, 1834 California St., San Francisco, Cal. June 15, 1904 
Cores, EpMuND P., Engineer, Scofield Co., Philadelphia, Га. Oct. 23, 1895 
Coes, HENRY A., Salesman, Westinghouse Electric and Mfg. Co., 623 Em- 


pire Building, Atlanta, Ga. Mar. 25, 1904 
Cores, WILLIAM CRUSE, Supply Salesman, General Electric Co., Atlanta, 
Ga. Mar. 1, 1907 
COLGAN, JAMES ARTHUR HERBERT, Electrical Engineer, Western Electric 
Co., 463 West St., New York City. Jan. 25, 1907 
CorkET, James НАМІ том, Engineer, N. Y. & N. J. Telephone Co.; res., 
288 Dekalb Ave., Brooklyn, N. Y. Apr. 27, 1906 


COLLETT, CHARLES Отто, Instructor, Electrical Engireerir g, Uriversitv 
of Missouri; res., 708 Maryland Расе, Columbia, Mo. Mar. 29 1907 


COLLETT, SAMUEL D., Eastern Manager, Elevator Supply and Repair Co., 


136 Liberty St., New York City. Feb. 26, 1896 
CoLLIER, WILLIAM Rawson, [Local Secretary], Contract Agent, Georgia 
Railway and Electric Co., Atlanta, Ga. May 19, 1903 
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CoLLiNS, Curtis C., Electrical Engineer, Columbus Railway & Lt. Co., 


Columbus, Ohio. Oct. 24, 1902 
CorLiNs, EpGar Francis, Foreman, Testing Department, General Elec- 
tric Co., Schenectady, N. Y. June 15, 1904 
CorriNs, FRED LUKE, Assistant Chief Electrician, Illinois Steel Works; 
res., 746 E. 70th St., Chicago, Ill. Feb. 23, 1906 
CorriNs, Henry P., General Superintendent, Herkimer County Light 
and Power Co., Little Falls, N. Y. jan. 26, 1906 
COLLYER, ALFRED, District Manager, Bullock Electric Mfg. Co., 402 
Merchants’ Bank Building, Montreal, Can. Aug. 22, 1902 


Сомѕтоск, CHARLES WoRTHINGTON, Consulting Engineer, Engineering 
Co. of America, 213 Boston Building, Denver, Colo. June 19, 1903 


Сомит, BENSON CLARE, Supt. American River Electric Co., Trucker 


River G. E. Co., San Mateo, Cal. July 19, 1904 
CoxpiT, CLYDE Ernest, Goldfield Electric Light and Power Co., Gold- 
field, Nevada. July 19, 1904 
Сохклхс, DEWitTT C., Inventor and Model Maker; res., 1215 Washington 
St., Hoboken, N. J. Sept. 25, 1903 
CONKLIN, OLIVER Francis, Consulting Electrical Engineer, The Robbins 
& Mvers Co., Springfield, Ohio. Oct. 25, 1901 
CONLEE, FREDERICK Monroe, Chief Draftsman, Northern Electric Mfg 
Co.; res. 1212 Spraight St., Madison, Wis. Dec. 18, 1903 
Conn, Frank, W., Superintendent, N. Y. & N. J. Tel. Co., 81 Willoughby 
St.; res., 77 St. James P1., Brooklyn, N. Y. july 28, 1903 
CoNNELL, Harry Westcott, Consulting Engineer, Connell Sykes & 
Connell, 90 West St., New York City. May 15, 1905 


CONNELL, Harvey Francis, Engineer, 90 West St., New York City. 
Feb. 23, 1906 
CONNELLY, WILLIAM FREDERICK, Electrician, Camp Bird Mill, Ouray, 


Colorado. Nov. 23, 1906 
CONRAD, FRANK, Electrical Engineer, W er tinghoure Electric & Mfg. Co., 
Pittsburg: res., Swissvale, Pa. Dec. 19, 1902 
Conrab, NICHOLAS Јонх. Electrical Engineer, Testing Department, 
Chicago Edison Co., 139 Adams St., Chicago, HI. Apr. 26, 1907 
ConvERSE, V. G., Electrical Engineer, Ontario Power Co., Niagara Falls 
South, Ont. Nov. 23, 1900 


CONWELL, WALTER Lewis, Westinghouse Electric and Mfg. Co., 11 Pine 
St., New York City; res., Upper Montclair, N. J. May 20, 1902 
Cook, ARTHUR Leroy, Engineer, Westinghouse Church, Kerr & Co., 


10 Bridge St., New York City. Dec. 19, 1902 
Cook, Harry LAWRENCE Inspector of Lighting Department, Columbus 
Railway and Light Co., Columbus, O. Feb. 26, 1904 
Cook, James Carr, Constructing Engineer, Jos. B. McCrary, Geneva, 
Ala. June 19, 1903 


CooKE, JOHN WILLIAMSON, Operating Department Engincer, Electric 
Storage Battery Co., 60 State St., Boston, Mass. Feb. 26, 1904 


COOLIDGE, FREDERICK AvsrIN, Electrical Review, 21 Park Row, New 
York City. Sept. 28, ce 
Cooper, Drury W., Member of Firm, Kerr, Page and Cooper, 149 Broad- 
way, New York City; res, New Brunswick, N. J. June 21, 1907 
Cooper, Epcar BairLEvy, Ponce Railway ard Light Co., Ponce, P. R. 
; Oct. 27, 1905 

COOPER, JOHN Sisson St. GEORGE, Electrical Engineer British Westing- 
house E. and M. Co., Trafford Park, Manchester, Eng. Apr. 28, 1905 
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Cooper, Leo Henry, Switchboard Installer, Tri-State Telegraph and 


Teleprore Co., Minreapolis, Minn. Apr. 26, 1907 
Cooper, WILLIAM RANSOM, Consulting Engineer, with James Swinburne, 
82 Victoria St., London, Eng. July 25, 1902 

СОРЕ, к NATHAN, Electrical Engineer, Columbus Public Service Со.; 
191 N. 21st St., Columbus, O. Apr. 22, 1904 

ERE CLEM A., Consulting Engineer, 407 Citizens Bank Building, 
Los Angeles, Cal. june 23, 1897 


CoPLEy, ALMoN WARREN, Engineer, 213 Lucas Building, Mt. Vernon, 
N. Y. Jan. 29, 1904 


Cora, CHARLES ANTHONY, Central (өй Tel. Co., 35 West Ohio St., 


Indianapolis, Ind. Dec. 19, 1902 
ConBETT, LAURENCE jay, Electrical Engineer, 501 Empire State Buildiny, 
Spokane, Washington. Mar. 27, 1903 
CoRDELL, WILLIAM H., General Foreman, New York Edison Co.; res., 
548 W. 156th St., New York City. Jan. 25, 1907 
Corin, WiLLiAM, City Electrical Engineer, 7 Hill St.. Launceston, 
Tasmania. Sept. 28, 1906 
CoRLiss, Cyrus, Engineer, Boston Elevated Railway Co., Boston; res., 
695 Walk Hill St., Mattapan, Mass. April 27, 1906 
CORNELL, JOHN B., Niles-Bement-Pond Co., 111 Broadway, New York 
City. Sept. 25, 1895 
CoRNICK, TULLY R., Superintendent Transmission Lines, Mexicart Light 
and Power Ço., Mexico City, Mex. Jan. 25, 1907 
CoRNING, Joun WoopsiprE, Electrical Engineer, Boston Elevated Rv. Со. ; 
439 Albany St., Boston; res., Brookline, Mass. Jan. 23, 1908 
CoRNMAN, GEORGE W. W. Jr.. Supt. Keystone Elec. Inst. Co.. 9th & 
Montgomery Ave., Philadelphia, Ра. Jan. 23, 1905 
CORNWALL, CLEMENT ARTHUR, Engineer in charge of shift, B. C. Electric 
Railway Co., Vancouver; res., Ashcroft, B. C. May 19, 1903 
CORRIGAN, EDWARD, Superinterdent, Chesapeake and Potomac Telephone 
Co., 5 Light St., Baltimore, Md. June 21, 1907 
Corson, WILLIAM R. C., Assistant Engineer, Hartford Steam Boiler 
Inspection Insurance Co., Hartford, Conn. Jan. 17, 1895 
Cory, RvssELL Ganus, Electrical Engineer, with C. O. Mailloux, 76 
William St.. New York City. Oct. 26, 1906 
CosEo, GEoRGE Epwarp, Chief Electrician, Solvay Process Co.; res., 123 
Erie St., Syracuse, N. Y. Oct. 28, 1904 
Costa, Lovis J., Manager, Jandus Electric Co., 1229 Real Estate Build- 
ing; res., 5010 Newhall St., Philadelphia, Pa. Apr. 22, 1904 
COULTER, pc PorTER, Electrical Engineer, Cutler-Hammer Mfg. 
Co.; a 342 W. 24th St., Milwaukee, Wis. Apr. 28, 1905 
PONEI Waa Henry, Electrical Engineer, International Paper 
, Palmer, N. Y. Mar. 24, 1905 

COWEN, uum BETTY, General Storage Battery Co., 42 Broadway, New 
York Cit y. Feb. 28, 1902 
CowciLL, JOHN SHEPHERD, Electrical Engineer, Three Rivers Electric 
Works, Three Rivers, Mich. Dec. 23, 1904 

Cow Le, GERALD ARTHUR, какы & Mining Dept., General Electric Co., 
Schenectadv, N. Y. Mar. 25, 1904 
CowLEv, Tuomas Puirip, Electrical Engineer, Chicago Telephone Co., 
203 Washington St., Chicago, Ill. Sept. 28, 1906 
CowLiNG, Joun T., Electrical Engineer, Westchester Lighting Co., Mt. 
Vernon, N. Y. Nov. 25, 1904 
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Cowper, CoLes-SHERARD OsBoRN, Grosvenor Mansions, 82 Victoria St., 


London, S. W., Eng. Aug. 22, 1902 
Cox, CHARLES GORDON, Testing De artment, General Electric Co.; res., 
115 Park Ave., Schenectady, $2 ` Jan. 27, 1905 


Cox, Davip CHAMBERS, 90 West St., New York City. Sept. 28, 1906 


CRABB, CHARLES Louis, C. L. Crabb & Co., 21 Lincoln Place, Brooklyn, 
N. Y. Nov. 20, 1903 


CRAFT, WARREN Moore, Telephone соора American Telephone and 
Telegraph Co., 15 Dey St., New York City. Mar. 29, 1907 


CRAIG, FREDERICK T. United States Packing Co., Uruapan, Mex. 


Mar. 1, 1907 

Crain, GEORGE HENRY, Marire Engire ard Machine Co., 230 W. 13th 
St., New York City. Mar. 23, 1906 
CRAIN, JOHN Jay, Quincy, Mass. Dec. 16, 1896 
Crain, L. D., Assoc. Prof. Mech. Eng., The State Agriculture College, 
Fort Collins, Colo. Jan. 23, 1903 


CRAMER, Leroy B., Engineering Department, Westinghouse Electric and 
Mfg. Co., 1107 Traction Building, Cincinnati, Ohio. July 28, 1905 


CRAMER, STUART WARREN, Charlotte, N. C. Oct. 26, 1906 
CRAMPTON, STEWART Hooker, First Asst. Supervising Eng., N. Y. 
Teleph. Co., 614 E. 150th St., New York Cit y. Jan. 23, 1903 
CRANDALL, HERBERT NILES, Superintendent Fremont Power Co., Sump- 
ter, Ore. Mar. 29, 1907 
CRANE, ALBERT SEARS, Bonnet: J. G. White & Co., 43 Exckange Рі. 
New York City. Oct. 28, 1904 
CRANE, CHARLES EUGENE, President and Manager, Mutval Light and Heat 
Co., Seattle, Wash. Apr. 22, 1904 
CRANE, EpGAR WI tis, Gereral Marager, Segura Brar iff y Cia, Orizaba, 
Vera Cruz, Mexico. jure 21, 1907 
CRANE, HAROLD GILLILAND, Student, Massachusetts Institute of Tech- 
nology, Boston, Mass. June 14, 1905 
CRANE, HENRY MIDDLEBROOKE, 96 W. 7th St., Bayonne, N. J.; res., 532 
Fifth Ave., New York Cit y. | Mar. 27, 1903 
CRANE, Jos. BAIRD, Electrical Engineer, Newpcrt Electric Ligt tirg & 
Power Co., Newport, N. Y. cept. 28, 1906 
CRAVATH, JAMES PT Western Editor, Electrical World, ECO Old 
Colóny Building. Chicago, Ill. ; Nov: 23, 1901 
CRAVENS, GEORGE WAVERLEY, Engineer, General Electric Co., Sckerec- 
tady, N. Y. Apr. 26, 1907 
CRAWFORD, Davip Francis, General Supt. Motive Power, Fenn'a Co., 
Union Station, Pittsburg, Pa. Sept. 25, 1895 
CRAWFORD, JACK RANDALL, 17 Stratton St., W. London, Eng. 
Dec. 19, 1902 
CRAWFORD, MacNvs ТАТЕ, Draftsman, Seattle-Tacoma Power Co., 911 
Terrace St., Seattle, Wash. Apr. 26, 1907 
CRAWFORD, NoRMAN McDona tp, Consulting Engineer, 742 Connecticut 
Mutual Building, Hartford, Conn. Mar. 27, 1903 
CRAWLEY, MANSFIELD CALVIN, Electrician, Union Oil Co. of Califorria, 
Orcutt, Cal. Mar. 29, 1907 


CREAGH, Epric CoLiincwoop, Transformer Dept., British Westirgkovse 
E. & M. Co., Trafford Park, Manchester, England. Oct. 27, 1905 


CREAGHEAD, THoMas J., President and General Manager, Creagtead 
Engineering Co., 313 Walnut St., Cincinnati, Ohio. Sept 20, 1893 
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CREAGMILE, WiLLIAM B., Instructor in Electrical Engineering, School of 
Engineering, Drexel Institute, Philadelphia, Pa. Маг. 1, 1907 
CRECELIUS, LAWRENCE P., Superintcndezt of Power, Lee de Forest City 
Ry. Co., Clevelard, Ol io. Feb. 23, 1906 
CREELMAN, ADAM, Superintendent, Rockland Electric Co., Hillburn, N. Y. 
Mar. 27, 1903 


CREHORE, ALBERT C., Ph.D., The Crehore-Squier Intelligence Transmis- 
sion Co., Lincoln Terrace, Yonkers, N. Y. Dec. 21, 1892 
CREIGHTON, ELMER ELLSWORTH FARMER, Assistant Prof. in Electrical 
Engineering, Union University, Schenectady, N. Y. May 20, 1902 
Cressy, Louis Acassiz, Shop Electrician, Electric Vehicle Co., Hartford, 
Conn. Aug. 17, 1904 
CROCKER, JAMES Косев, 215 W. 100th St., New York City. Dec. 19, 1902 
CROCKER, OLIVER P., Fire Alarm Salesman, Gamewall Fire Alarm Co,, 


623 Equitable Bldg., Atlanta, Ga. Oct. 27, 1905 
Crort, TERRELL WILLIAMS, Special Inspector, N. Y. & N. J. Tel. Co., 
547 Clinton Ave., Brooklyn, N. Y. Jan. 29, 1904 
Скоѕвү, Ковевт H., Foreman, Interborough Rapid Transit Co.; res.. 
463 W. 164th St.; New York City. May 14, 1906 
Cross, dip iid s e General Superintendent, Manhattan Fire Alarm 
Co.; , 91 Manhattan Ave., New York Cit y. Feb. 23, 1906 
CRoss, ac хо Rust, Dynamo Testing, Department Westinghouse Elec- 
tric and Mfg. Co , Pittsburg, Pa. Feb. 27, 1903 
Cross, THomas А., оа United Railways and Electric Co., 
1005 Continental Trust Co., Baltimore, Md. Mar. 24, 1905 


CROSSE, SHIRLEY RonBiNS, Assistant in Electrical Engineering, Harvard 
University; res., 25 Ware St., Cambridge, Mass. Dec. 28, 1906 
CRossMAN, GILBERT, Telephone Engineer, Western Electric Co., 463 West 


St.; res., 145 W. 10th St., New York City. Nov. 22, 1901 
CROUSE, JOHN Ковевт, Promoter, Co-operative Electrical Development 
Association, 1814 45th St., М. E. Cleveland, О. Sept. 28, 1906 
CROWELL, Howanp Horton, Manager, General Electric Co., 602 S. A. 
and K. Bldg., Syracuse, Ne Y. Sept. 2 22, 1905 


CROWELL, LUTHER ALBERT O., Salesman, Westinghouse Electric and 
Mfg. Co., 716 Board of Trade Bldg., Boston, Mass. Apr. 26, 1907 
CROWELL, Ковімѕох, Transmission Dept., California Gas & E. Corp.. 


Electra, Cal. Dec. 28, 1898 
CROZIER, HERBERT WILLIAM, Central California Traction Co., Stockton, 
Cal. Apr. 23, 1903 
CRUMB, WiLLIAM IH axNronp, President, W. Н. Crumb & Co, Inc, 835 
Monadnock Bldg., Chicago, Ш. Mar. 1, 1907 


Crumpton, WILLIAM JAiRUS, 1111 Maple Ave., Superior, Wis. 
Sept. 25, 1903 
CRusE, GroRcEÉ Enwin, Patent Attorney, Union Switch and Signal Co., 
143 Liberty St., New York Cit y. Mar. 1, 1907 
CuLLEN, Epwanp L., 9 Woodland St., Worcester, Mass. July 28, 1903 
CuMMISKEY, WILLIAM MICHAEL, Electrician, National Elevator Co.; res.. 


1517 West St., Honesdale, Pa. Apr. 23, 1903 
CUNNINGHAM, E. R., Des Moines City Railway Co., 607 Mulberry St., Des 
Moines, Iowa. Jan. 22, 1896 
CUNNINGHAM, JAMES H., Instructor Electrical Engineering, Union 
College; Schenectady, N. Y. Nov. 23, 1906 


CUNNINGHAM, Ricuarp H., Instructor in Electro-Physiology, Columbia 
University; res., 201 W. 54th St., New York City. May 21, 1901 
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Cuntz, JOHANNES H., Engineering Magazine, 140 Nassau St., New York 


City; res., 325 Hudson St., Hoboken, N. J. Mar. 5, 1889 
CURRENT, Guy Leroy, Deskman, New York ard New Jersey Telepf one 
Co., 547 Clinton Ave., Brooklyn, N. Y. June 21, 1907 
CURRIE, HaARRY ALLAN, Electrician, N. Y.C. & Н. R. R. R. Co.; res. 474 
Bedford Ave., Brooklyn, N. Y. Apr. 23, 1903 
Currie, М. M., Electrical Engineer, Electric Light Department, Cia de 
Gas de Valparaiso, Valparaiso, Chili. Feb. 15, 1899 
CURRIE, WILLIAM JR., Electrical Engineer, 89 Union Ave., Montreal, 
Que. July 25, 1902 
Curtis, Jons Daniev Assistant Superintendent, Hatzel and Buehler; 
res., 552 W. 186th St., New York City. Feb. 23, 1906 
CURTIS, KENNETH LIVERMORE, Engineer, Wesinghouse Church, Kerr & 
Co., 10 sridg2 St., New York City. Oct. 27, 1905 
Curtis, LEoNARD E., Vice-president and Treasurer, Guanajuato Power 
and Electric Co., Colorado Springs, Colo. May 17, 1904 
Curtiss, Јонм Lee, Engineer, Juniata Hydro-Electric Co., 405 Penn St., 
Huntingdon, Pa. | Feb. 23, 1906 
CusHinc, Harvey Morse, Electrical Engineer, General Electric Co., 44 
Broad St., New York City. Mar. 23, 1906 
CusHiING, Ira May, Designing Electrical Engineer, General Electric Co.; 
Boston; res., 19 Harris St., Brookline, Mass. June 14, 1905 
CUTCHEON, FREDERICK RICHARD, Superintendent Electric Dept., St. 
Paul Gas Light Co., St. Paul, Minn. Dec. 15, 1905 
CUTLER, Егін HERBERT, Manager, The Elketon Mfg. Co., 84 West- 
minster St., Springfield, Mass. Apr. 23, 1903 
CurLER. Henry H., Vice-president and Chief Engineer, The Cutler- 
Hammer Mfg. Co., Milwaukee, Wis. June 19, 1903 
CUTLER, JAMES ELMER, Westfield, N. J. Apr. 25, 1902 
CUTTER, FRED BERTRAM, Electrical Engineer, Rossiter, MacGovern & Co., 
90 West St ., New York City. July 28, 1905 
CUTTING, FREDERICK STEWART, Electrical Construction Engineer, Massie 
. Wireless Telegraph Co., Warren, R. I. Mar. 1, 1907 
DaGGETT, RoYAL BRADFORD, Electrical Engineer, Electric Storage Bat- 
tery Co., 525 Thirteenth St., Oaklard, Cal. Jan. 25, 1899 
DAHLANDER, RoBERT, Electrical Engineer, The Royal Government of the 
Railways of Sweden, Stockholm, Sweden. May 19, 1903 
Darras, Ковевт E., United Gas Improvement Co., Broad and Arch 
Sts., Philadelphia, Pa. - Sept. 28, 1906 
DarToN, NELSON Wair, Electrical Engineer, Hartford Carpet Corporation 
Thompsonville, Conn. | _ June 15, 1904 


Dary, WILFRID AuGusTIN, Hudson Terrace, Yonkers, N. Y. Nov. 25, 1904 


Damon, Geo. A., Managing Engineer, The Arnold Co., Borland Building, 
181 LaSalle St., Chicago, Ill. june 24, 1898 


Damon, JOHN CHURCHILL, 432 Main St., Concord, Mass. July 28, 1905 
DANFORTH, JOHN BUCHANAN, Carter & Gillespie Electric Co., Birming- 


ham, Ala. June 14, 1905 
DANIELS, Нлвогр Pratt, Engineer, Peet, McAnerney & Powers, 225 
Fourth Ave., New York City. Dec. 19, 1902 
DANIELS, NATHAN H., JR., Stone and Webster, 84 State St., Boston, 
Mass. Apr. 26, 1907 
DANIELS, Tuomas Epwarp, JR., Chief Electrician, High Creek Electric 
Light and Power Co., Logan, Utah. Sept. 28, 1906 
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DANIELS, RAYMOND Sarronp, Electrical Construction Foreman, Wash- 


ington Water Power Co., Spokane. Jan. 25, 1907 
DANIELSON, Евмѕт, Electrician, Stopsjon, Fogdhyttan, Sweden. 
une, 27 1895 
DANIELSON, Oscar ALVIN, Engineer, Western Electric Co., 463 West St., 
res., 54 W. 65th St., New York City. Jan. 25, 1907 
Dann, WALTER MELVILLE, Engineering Apprentice, Westingtouse Elec- 
tric and Mfg. Co., Pittsburg, Pa. Aug. 17, 1904 
DANNER, JAKE, Western Electric Co., Chicago; res., 12:6 Euclid Ave., 
Oak Park, Ill. Jure 21, 1907 
DARBEE, WILLIAM, General Manager, Albany & Hudson R.R., Albany, 
N. Y. Feb. 23, 1906 
DanBv, Henry FnaNcis, JR., Cutter Co., 1613 Chemical Building St. 
Louis Mo. Jan. 26, 1906 


DARBY, WALTER RAINES, aid Reduction Co., 99 John St., New 
York City; res., 18 Summit Ave., Westfield, N. J. May 20, 1902 


DARRACH, BRADFORD, JR., Construction Engineer, Electric Storage Bat- 


tery Co., 39 Stanhope St., Boston, Mass. Feb. 26, 1904 
Dassor!, FREDERICK HumBeErtT, N. Y. & N. J. Telephone Co., 15 Dey St. 
New York City. May 21, 1901 
Dares, Henry B., Professor of Electrical Engineering, Case €ckool 
of Applied Science, Cleveland, O. Dec. 28, 1898 
DAVENPORT, ALFRED La RUE, Tester, Edison Electric Co., of Los Angeles; 
res., 2903 Leoti Ave., Los Argeles, Cal Apr. 22, 1904 
DAVENPORT, JOHN CooLipGE, Electrical Engineer, Bullock Electric Mfg. 
Co., Cincinnati, O. Jan. 25, 1907 
DAVENPORT, URIAH HARROLD, Adjunct Professor, University of Géorgid. 
Athens, Ga. Mar. 29, 1907 
Davipson, Ерм. C., Patent Lawyer, 141 Broadway, New York City. 
Feb. 7, 1890 
Davipson, Јонм CnarMgn, P. N. Y. & L. I. R.R., 10 Bridge St., New 
York; res., 31 Sidney Place, Brooklyn, N. Y. Mar. 29, 1907 
Davipson, JOHN CLARENCE, Electrician and Chief Engineer, S. S. White 
Dental Mfg. Co., Princebay, №. X. May 19, 1903 
DavipsoN, RoBERT NEWMAN, Superintendent, Park City Light, Heat and 
Power Co., Park City, Utah. Sept. 28, 1906 


DavipsoN, ROLLAND ARTHUR, 58 William St., New York City. 
Mar. 27, 1903 


Davies, JOHN HuBERT, Senior Partner, Hubert Davies & Spain, Johannes- 
burg, S. A. Oct. 23, 1903 


Davis, ARTHUR Percy, Walpole, N. H. July 28, 1903 


Davis, CHARLES BRIDGE, Local Manager of Boston Office, General Elec- 
tric Co., 84 State St., Boston; res., Lexington, Mass. Apr. 23, 1903 


Davis, CHARLES STAPLES, Holtzer-Cabot Electric Co,. Brookline, Mass. 


Feb. 26, 1904 

Davis, CHARLES WooLsEv, Westinghouse Electric & Mfg. Co., Wilson 
Building, Dallas, Texas. Oct. 28, 1904 
Davis, DELAMORE L., Superintendent, Salem Electric Light and Power 
Co., 299 Lincoln Ave., Salem, Okio Apr. 2, 1889 
Davis, FRED Horne, Consulting Engineer, Winchester House, Loveday 
St., Johannesburg, Transvaal. sept. 25, 1903 


Davis, FREDERICK REYNOLDS, Advertising K U u Gereral Electric 
Co.; res., 1208 State St., Schenectady, N. Y. Dec. 28, 1906 
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Davis, G. SaAnForp, Construction Engineer, Canadian General Electric 


Co., 14 King St., E., Toronto, Ont. Mar. 25, 1904 
Davis, Howard LEE, Assistant in Engineering Department, N. Y. & 
N. J. Tel. Co., 15 Dey St., New York City. May 14, 1906 
Davis, Ernest, Draftsman, Sargent & Lundy; res., 405 North Central 
Ave., Chicago, Ш. Mar. 29, 1907 
Davis, Jesse Hoop, Assistant Electrical Engineer, Baltimore & Otio 
R.R. Co., B. & O. Building, Baltimore, Md. June 19, 1903 
Davis, Joe Martuias, Electrician, Armour Glue Works, 3130 Benson St.; 
res., 3348 Dearborn St., Chicago, Ш. Sept. 22, 1905 
Davis, LESLIE FosTER, Secretary and Manager, West India Electric Co., 
Ltd., 151 Orange St., Kingston, Jamaica. Sept. 27, 1899 
Davis, NE son B., Electrical Draftsman, Westinghouse Electric ard Mfg 
Co., Pittsburg, Pa. Jure 21, 1907 
Davis, Рнилр W., Engineer of New England Office, The Electric Storage 
Battery Co., Boston; res., Cambridge, Mass. May 15, 1900 
Davis, RICHMOND PEARSON, United States Military Academy, West 
Point, N. Y. Apr. 22, 1904 
Davis, SoLtomon, Proprietor, The Conduit Wiring Co., 14 West 29th St., 
New York City. July 25, 1902 
Davis, WILLIAM GRIFFITH, Storage Battery, Sales Engineer Westinghouse 
Machine Co., 10 Bridge St., New York City. Oct. 24, 1902 
Davis, W. J., Jr., Electrical Engineer, General Electric Co., Schenectady, 
М.Ү. Мат. 20, 1895 
Davison, GEORGE RuPERT, Edison Electric Illuminating Co., Eoston; 
res., 83 Dix St., Dorchester, Mass. Apr. 27, 1906 
Davoupb, VAHRAM YETTOART, Locke Insulator Co., Victor, М.Ү. 
Feb. 24, 1905 

Dawson, ARTHUR W., Superintendent, Michigan Lake Superior Power 
Co., Saulte Ste Marie, Mich. an. 26, 1906 
Dawson, Josian, Contractor for Electric Light and Power, etc., Cuba 
Street Extension, Wellington, New Zealand. Jan. 9, 1901 
Dawson, WILLIAM Francis, Designing Engineer, British Thomson- 
Houston Co., Ltd., Rugby, Eng. Dec. 15, 1905 


Day, CHARLES, Dodge & Day, Nicetown; res., Germantown, Philadelphia, 
Pa. Мау 20, 1902 


Day, MaxweLL W., Assistant Engineer, Power and Mining Department, 


General Electric Co., Schenectady, N. Y. Dec. 28, 1906 

Day, THomas Henry, Electrical Inspector, Hartford Board of Fire 
Underwriters, 27 Pliny St., Hartford, Conn. Apr. 26, 1907 

Day, WINTERTON JAMES, Power and Mining Engineering Department, 
General Electric Co., Schenectady, N. Y. June 19, 1903 
DEAN, GEORGE Cooper, Member of firm Johnston and Dean, 11 Pine St.; 
res., 823 West End Ave., New York City. May 17, 1904 
Dean, JOHN Swirt, Railway Division, Engineering Dept., Westinghouse 
lectric and Mfg. Co.; Pittsburg, Pa. Nov. 23, 1906 

DEAN, WALTER CLARK, Consulting Electrical Engineer, Bank of Com- 
merce Building, Norfolk, Va. Sept. 17, 1901 


DEAN, WILLIAM FAIRCHILD, Contracting Engineer, New Haven, Conn. 
Feb. 23, 1906 


Dean, WiLLIAM Tucker, Commercial Engineer, General Electric Co., 
Monadnock Blk.; res., 1029 Howard Ave., Chicago, Ill. Apr. 23 1903 


Dean, WILLIAM WARREN, Vice-president Dean Electric Co., Elyria, О. 
Nov. 21, 1902 
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DEARBORN, КїснАкр HaRoLD, Assistant Professor of Electrical Engineer- 


ing, University of Oregon, Eugene, Ore. Jan. 25, 1907 
DEBAvFRE, WILLIAM Lane, Student, Lehigh University; res., 713 
Broadway, So. Bethlehem, Pa. Apr. 26, 1907 
De Brois, Lewis Amory, Electrical Engineer, California Powder Co., 
Wells Fargo Bldg., San Francisco, Cal. Sept. 25, 1903 
DE Castro, AMERICO VIEIRA, Chief Engineer, Electric Tramway Co., Porto 
Portugal. Mar. 25, 1904 


DE CHATELAIN, MIKAIL ANDREJEVITCH, Professor of Electrical Engineer- 
ing, Wasily Ostrow, 10 line No. 5, St. Petersburg. Nov. 23, 1900 


DEckER, RuporrH J., Consulting Electrical ага Mechanical Engineer, 
Sao Paulo Ry. and Light Co., Sao Paulo, Brazil Feb. 26, 1904 


DEckER, Warp, Sterling Motor Car Co., 184 Water St.; res., 25 Lathrop 
Ave., Binghamton, N. Y. May 19, 1903 
De Crow, CHARLES Epwarp, In charge of Power Apparatus, Output 
Dept., W. E. Co., 259 So. Clinton St., Chicago, Ill. Sept. 27, 1901 
DEEDS, EDWARD ANDREW, Assistant General Manager National Cash 


Register Co., Dayton, О. | Nov. 23, 1900 
DEForeEsT, ConNELIUs W., Chief Engineer, So. Covington & Cincinnati 
Street Railway Co., Newport, Ку. Mar. 1, 1907 
DeceEN, Lewis, Rio de Janiero Tramway Light and Power Co., Rio de 
Janeiro, Brazil. Sept. 25, 1895 
De Gress, Francis BARRETT, Crocker-Wheeler Co., 39 Cortlardt St. 
New York City. Nov. 25, 1904 


DE Hoor-Tempis, Maurice, Professor, Roval University of Techrical 
Sciences, Budapest II., Zsigmordutca 9, Hurgary. Nov. 20, 1408 
DELAFIELD, CLARENCE E., Manager High Tension Division, Olio Brass 


Co., Mansfeld, Ohio. Apr. 23, 1003 
DELAFIELD, EUGENE Livineston, Salesman and Estimator, W. E. 
Quimby Inc.; 44 E. 23d St., New York City. Mar. 29, 1807 
DE LA Pena, Luis, General Manager, ‘‘ Sociedad de Gasificacion Indus- 
trial," 13 Ologaza, Madrid, Spain. Mar. 24, 1905 
DELAVAL, JuLES Leon, Electrical Engireer, Westinghoure Electric ard 
Mfg. Co., Pittsburg; res., Wilmerding, Fa. jure 19, 1£03 
DELLERT, JOSEPH G., Student, Brooklyn, Polytechnic Institute; res., 76 
St. Marks Ave., Brooklyn, N. Y. jan. 25, 1807 
De Lone, James C., Engineer, United Gas Improvement Co., Broad ard 
Arch Sts., Рі Пааєіріла, Pa. Jan. 27, 1605 
Dev Mar, WILLIAM ARTHUR, Electrical Engineer. N. Y. C. & H. R. R.R.; 
res., 507 W. 1415{ St., New York Cit y. Oct. 26, 1006 
DE MAGALHAES, FRANK VASCONCELLOS, Larkfield, N.Y. Jan. 25, 1907 
De MarriE, JAMES M., Sales Engineer, National Battery Co. res., 371 
W. 120th St., New York City. . Dec. 15, 1605 
DE MaRCHENA, E., Chief Engineer, Compagnie Franciase, ТЕо оп 
Houston, 10 Rue de Londres, Paris, Fiance. June 19, 1903 
DEMAREST, F. A., General Superintendent, Interstate TelepFone Co., 18 
уо. Stockton St., Trenton, N. J. ‘eb. 26, 1904 
DEMPSTER, THomas, Electrical Engineer, General Electric Co., Sckenec- 
tadv, N. Y. May 17, 1898 
DENN, Howanp Harper, Teacker in Mechanical Drawing, Drexel Ir:ti- 
tute, Philadelphia, Pa. Dec. 18, 1503 
DENNEEN, Francis S., Commercial Engineer, Ohio Brass Co.. Mansfield, 
Ohio. Nov. 25, 1904 
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DENNINGTON, ARTHUR Roscoe, Assistant Principal, School of E.E., 
International Correspondence School, Scranton, Ра: Sept. 28, 1906 


DrNwNisoN, Воүр Cor, Instructor, Cornell University res., Cornell 
Heights, ItFaca, N. Y. Jan. 26, 1906 


DENNISON, EpGAR WALLACE, Edison Phonograph Works, Orange, 
d june 19, 1903 

DE NORDWALL, CHARLES FLescu, London Director Allgem?ine Elektrici- 
tats-Gesellschaft, 2 Observatory Gardens, London. Sept. 27, 1892 


DENTON, ALPHEUS PENN, 810 S. 2d St., Leavenworth, Kansas. 


Dec. 28, 1906 

DEPPELER, JOHN Howarp, Inspector, N. Y. C. & H. R. R.R., New York 
City; res., 12 N. 16th St., East Orange, N. J. Dec. 28, 1906 
DEREMO, LEoNARD J., Corsultirg Engireer, Fourth Natioral Bank Bldg.; 
res., College Hill, Cincirrati, Ol 10. jure 21, 1507 
DESBLEDS, EpOUARD Marc, Surveyor and Clerk of Works, Public Works 
Department, Curepipe, Mauritius. Sept. 28, 1506 

DE Sta Ceciuia, J. Felippi, Chief Electrical Engineer, Rua Alagoas, 56, 
Bello Horisonte, Minas, Brazil. sept. 28, 1906 


DEVENDORP, WILLIAM FREDERICK, Development Engineer, Western 
Electric Co.; res., 833 Lexington Ave., New York City.Sept. 28, 1906 
DEVEREUX, WASHINGTON, Inspector, Philadelphia Fire Underwriters 
Association; res., 1625 N. 29th St., Philadelphia, Pa.Apr. 27, 1906 
Devtscu, Isipor, Engineer, 92 Union Ave., Montreal, Ont. Apr. 28, 1905 
Dewey, Tuomas Avcvsrvs, 21 E. 8th St., Erie, Ра. Mar. 23, 1906 
DEWHUwRST, RICHARD MILEs, Electrical Engineer, Standard Underground 
Cable Co., Westinghouse Bldg., Pittsburg, Pa. Jan. 25, 1907 
De Wo tr, Rocer рехміѕом, Electrical Engineer, Westinghouse Electric 


and Mtg. Co., Pittsburg, Pa. Nov. 20, 1903 
D’HuMy, FERNAND Еме, District Electrician, Postal Telegraph Cable Co. 
253 Broadway, New York City. May 17, 1904 
DIBBLE, Barry, [Local Secretary] Engineer, Twin City Rapid Transit 
Co., 1317 Summit Ave., St. Paul, Minn. Jan. 26, 1906 
Dickerson, E. N., Attorney at-Law, 141 Broadway; res., 64 E. 34th St., 
New York City. Apr. 15, 1884 
DICKERSON, RAvMoND, Draughtsman, New York Edison Co., New York 
City; res., 158 S. Eliot PL, Brooklyn, N. Y. Mar. 29, 1907 


DickiNsoN, EDWARD CLARK, Burgess and Norton Mfg. Co., Geneva, Ill. 
Feb. 23, 1906 
Dickinson, EpcAR Drury, Testing Dept., General Electric Co., res., 241 


Libert y St., Schenectady, N. Y. Jan. 23, 1903 
DICKINSON, Harry HAMMOND, Erecting Engineer, The Arnold Co., 
Boland Building, 181 La Salle St., Chicago, IH. July 28, 1903 


DICKINSON, LEONARD P., Assistant Professor of Electrical Engineering, 
Lafayette College; res., 519 High St., Easton, Pa. Mar. 1, 1907 
DICKINSON, RAYMOND NETTLETON, Automatic Refrigerating Co., 630 


Capitol Ave., Hartford, Conn. Dec. 15, 1905 
DICKINSON, WILLIAM NOBLE, JR., Otis Elevator Co., 17 Battery Place, 
New York City. July 28, 1905 
Dickson, JOHN LANE, Superintendent, Mount Union Light and Power 
Co., Mount Union, Pa. Oct. 26, 1906 
Півні, Harry Everett, Manufacturing DLepartmert, Telluride Power 
Co., Provo, Utah. Jur e 21, 1°07 
DIETERICH, ALBERT EDGAR, Solicitor of Patents, with Fred G. Dieterich, 
602 F St., N. W. Washington, D. C. Jan. 23, 1903 
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DIETERICH, FRED G., Solicitor of Patents and Mechanical Expert, 602 F 


St., WasLington, D. C. July 18, 1899 
DILL, RAYMOND, Sales Department, Allis-Chalmers Co.; res., 2256 Mad- 
ison Ave., Norwood, Оло. Feb. 23, 1906 


Ditton, Epwarp PauL, Electrical Engineer, The Colorado Springs Elec- 
tric Co., 107 E. Kiowa St., Colorado Springs, Col. Sept. 26, 1902 


Ditton, Roy Норсѕом, Inspector with F. O. Blackwell, 49 Wall St., 
New York, N. Y.; res., Normal, Ill. Aug. 25, 1905 
Dimon, THEODORE, Telephone Engineer, Chicago Telephone Co., 227 
Washington St., Chicago, Ill. Mar. 25, 1904 
DinGLE, Howanp, Sales Department, Crocker-Wkeeler Co., res.; 37 
Park Ave., East Orar ре, N. J. Mar. 29, 1907 


DINHAM-PEREN, ARTHUR EDWARD HALLORAN, Br. W. E. & M. Co., Ltd., 
" Bealings " Southborne-on-Sea Christchurch, Hampshire, Eng, 


Jan. 25, 1907 

DinkeEy, ALva C., Supt. Electric Dept., Homestead Steel Works, Munhall 
Pa. Feb. 17, 1897 
DINSMORE, GEORGE FREDERICK, Treasurer, Hatch Accumulator Co., 60 
State St., Boston, Mass. Jan. 26, 1906 
DINSMORE, JOSEPH Pavr, Telephone Engineer, Western Electric Co., 
259 S. Clinton St., Chicago, Ill. june 21, 1907 
DINSMORE, SAMUEL C., Westinghouse Lamp Co., 510 West 23d St., New 
York Cit y. Sept. 25, 1903 
Dixon, JAMES, Electrical Engineer & Contractor, Vernon Ave., & 14th St., 
Long Island City, N. Y. Jan. 24, 1902 
Dixon, WiLL MoNTAGUE, Chief Department of Electricity, Jamestown 
Exposition Pine Beach, Va. May 19, 1903 
Dopp, Joun Nevins, Westinghouse Electric & Mfg. Co.; res, Cedar 
St., Irwin, Pa. Feb. 27, 1903 


Dopps, SAMUEL RENwick, Instructor, Cornell University, Ithaca, N.Y. 
sept. 28, 1906 


Dopce, Kern, Dodge & Day, Nicetown; res., Germantown, Philadelphia, 


Pa. May 20, 1902 
Dorkanr, Lto, Telephone Engineer, Western Electric Co., Chicago, Ill. 
Feb. 23, 1906 


DorrH, JOHN CLEMENT, Manager, Insulating Varnish Department, Stand- 
ard Varnish Works, 29 Broadway, New York City. Sept. 25, 1903 


DoNarpsoN, JOHN Muir, Commercial Engineer, British Thomson-Hous- 


ton Co.; res., 20 Murray Road, Ruyby, Eng. Oct. 28, 1904 
Don CarLos, Henry C., Eureka Electric Co., Eureka, Utah; res., Clarks- 
burg, Mo. Apr. 23, 1903 
DoNNAN, Davip McANALLY, Construction Engineer, Westinghouse Elec- 
tric and Mfg. Co., Pittsburg, Pa. Jan. 27, 1905 


DononoE, FRANCIS EUGENE, Sales Agent, American Electrical Works, 
26 Cortlandt St.; res., Hotel Marseille, New York City Apr. 27,1906 
DoNsHEA, WILLIAM Isaac, District Superintendent, The N. Y. Edison 
Co., 55 Duane St., New York City. Apr. 23, 1903 
DOOLITTLE, CHARLES BENJAMIN, Supt. of Traffic, The Southern N. E. 
Telephone Co., 118 Court St., New Haven, Conn. Apr. 23, 1903 
DooLiTTLE, CLARENCE E., Manager and Electrician, Roaring Fork Elec- 
tric Light and Power Co., Aspen, Colo. May 15, 1895 
DooLirTLE, Tuomas B., Engineering Department, American Telephone 
and Telegraph Co., 125 Milk St., Boston, Mass. May 16, 1893 
DonEMvs, CHARLES AVERY, M.D., Ph. D.,55 W. 53d St., New York City. 
July 7, 1884 
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Dorn Buscu, Louis CHARLES, 61 Hancock St., Brooklyn, N. Y 


Dec. 19, 1902 

Dorr, CHARLES Epwin, Electrical Engineer, Stanley Electric Mfg. Co.; 
res., 28 Westminster St., Pittsfield, Mass. Mar. 24, 1905 
DoRnMaN, Harry Bowers, Chief Draftsman, Toledo Railway and Light 
Co., Toledo, Okio. jure 21, 1907 
D’ORNELLAS, THOMAS TENTE, Electrical Consulting Engineer, Peruvian 
Government, Sta Teresa 91, Lima, Peru. Mar. 1, 1907 
DorNEyY, JAMES Joser, Westinghouse Electric and Mfg. Co.; res., 4248 
West Belle Насе, St. Louis, Mo. June 21, 1907 
DosTAL, JOHN FRANK, Member of Engineering Corps, Denver Gas ard 
Electric Co., 1860 Logan Ave., Denver, Colo. Mar. 27, 1903 
Dorv, ERNEST LAWRENCE: District Engineer, Westingkouse E. & M. 
Co., 780 Ellicott Square, Buffalo, N. Y. Sept. 25, 1903 
Dorv, PAUL, Vice-president and General Manager, St. Paul Gas Light Co., 
St Paul, Minn. Mar. 25, 1904 


DouBLEDAY, Harry M., Doubleday-Hill Electric Co., Lyons, N. Y. 
July 25, 1902 
DouBrRava, Harry WILFRED, Engineer, 220 Broadway, New York City. 
May 20, 1902 
Doup, CHARLES HAMILTON, Room 909, 150 Nassau St., New York City. 
sept. 27, 1901 
DOUGHERTY, CHARLES JAMES, Electrical Engineer, Tre Wm. Cramp & 
Sons Ship and Engine Building Co., Philadelptia, Pa. May 19, 1903 


DOUGHERTY, Proctor L., Electrical Engineer, Treasury Department; 
res., 1427 Binney St., Washington, D. C. Dec. 19, 1902 


DouGLas, Epwin Rust, Superintendent, Adriance, Platt & Co.; res., 324 
Church St., Poughkeepsie, N. Y. Jan. 23, 1903 


DoucraAs, EGBERT, Construction Engineer, General Electric Co., 667 Elli- 
cott Square Building, Buffalo, N. Y. Apr. 23, 1903 


Dovz, oo Maury, Jr., L Maury Dove Co., Inc., 12th and F Sts., 
. W., Washington, . Mar. 23, 1906 


Dow, ns WiLLIAM, Mechanical Engineer, Nordberg Mfg. Co., 


Milwaukee, Wis. May 19, 1903 
Dow, JAMES CHASE, Electrical Engineer, Westinghouse Electric & Mfg. 
Co., Pittsburg, Pa. Feb. 27, 1903 


Dowie, Horace, with Westinghouse, Church, Kerr & Co., 8 Bridge St. New 
York City; res., 363 Jefferson Ave., Brooklyn, N. Y. Jan. 25, 1901 


DowNERD, Hiroo S., Erecting Engineer, 2306 E. Michigan St., Indian- 


apolis, Ind. June 19, 1903 
Downes, Louis W., Vice-president and General Manager, ТЕе D. & W. 
Fuse Co., 407 Pine St., Providence, R. I. Nov. 22, 1899 
DowwiNG, P. M., MEE Engineer, California Gas & Elec. Corp., 
925 Franklin San Francisco, Cal. June 24, 1898 
DowNiNc, RICHARD CoLuins, Niagara Lockport and Ontario Fower Co., 
518 Fidelity Bldg., Buffalo, N. Y. Jure 21, 1907 
Downs, Ерслв SELAH, Tutor in Electrical Engireerirg Departmer t, 
Columbia Ur. iversity, New York City. May 19, 1903 
DowNTON, CHARLES Epwarps, Foreman of Apprentices, The Westing- 
house Electric & Mfg. Co., Pittsburg, Pa. Jan. 23, 1903 
DRAKE, BERNARD MERVYN, Chairman, Drake & Gorham, Ltd., 66 Vic- 
toria St., London, S. W., Eng. Apr. 23, 1908 
Drake, Davin E., Sales Department, Westinghouse Electric and Mfg. Co., 
11 Pine St., New York City. June 19, 1903 
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Drake, HERBERT WILLIAM, Assistant Wire Chief, American Telephone 


and Telegraph Co., 15 Dey St., New York Cit y. Dec. 19, 1902 
DresBacH, Horatio ARTHUR, Electrician, Van Dyck & Severn, 73 Am- 
sterdam Ave., New York City. Apr. 28, 1905 
DREHER, HERBERT CLARENCE, Superintendent, Edison Electric Iluminat- 
ing Со., Tamaqua, Ра. jure 21, 1907 
DRESSEL, Jonn НАТНАМАҮ, Naphet & Dressel, 605 Commercial Tribune 
Bldg., Cincinnati, Ohio. Sept. 27, 1901 


DRESSER, CHARLES A., Supt., Kohler Bros., 1808 Fisher Bldg., Chicago, 

Ill. May 21, 1901 
DRESSLER, CHARLES E., 17 Lexington Ave., New York City. 

Dec. 16, 1890 

DRESSNER, Victor Dorsey, Student. Polytechnic Institute, Brooklyn; 

s., 202 W. 13156 St., New York City. Jan. 25, 1907 

Drew, WILFRID JAMES BARRE, Assistant Secretary ard Treasurer, 

Canadian Society of Civil Ergireers, Mortreal, Que. Oct. 26, 1906 

Dreyrus, Epwin Davin, Engineering Department, Chicago Edison Co., 


470 Old Colony Building, Chicago, Ill. Feb. 23, 1906 
Droce, HARMAN GRABAU, Student, Columbia University, New York 
City; res., Flushing, N. Y. Feb. 24, 1905 


Drouan, T. E., Supt. of Shops, Northern Electric Mfg. Co., Madison, Wis. 
May 21, 1901 
Dryer, Ervin, Salesman and Engineer, Allis-Chalmers Co., 1522 First 


National Bank Building, Chicago, Ill. Feb. 28, 1902 
Окү$рА!:.Е, Dr. W. A., Consulting Electrical Engineer, 414 Hale Building, 
Philadelphia, Pa. Sept. 19, 1894 
DuBois, ALEXANDER Dawes, Assistant to Engineer, Illinois Traction 
Co., Decatur, Ill. July 25, 1902 
DuBois, DELAFIELD, General Electric Co.; res., 514 Smith St., Schenec- 
tady, N. Y. Sept. 28, 1906 


DuBois, TuTHiLL, General Electric Inspection Co., 237 Fulton St. 
Aug. 23, 1899 
Duckett, Атохло L., Arc Light Superinter der t, Asl eville Electric Co., 


Asheville, М. С. Jur e 21, 1907 
DubDLEY, EuGENE ELMER, Assistant Electrical Engineer, Quartermaster's 
Dept., Ft. Yellowstone, Wyoming. Oct. 24, 1902 
Duer, Joun V. B., Inspector, Electrical Superinterdent's Office, L. I. 
R. R. Co., Long Island City. Mar. 29, 1907 
Durr, WILLIAM ARCHIBALD, Engineering Salesman, Canadian Westing- 
house Co., Ltd., Winnipeg, Man. Feb. 23, 1906 


DUFRESNE, BERNARD MAURICE, Erecting Engineer, Westinghouse E. & M. 
Co., Room 507, Westinghouse Bldg., Pittsburg, Pa. Sept. 25, 1903 
DuNBAR, Ronznr V., Electrical Designer, Westinghouse, Church, Kerr & 


Co., 8 Bridge St., New York City. Mar. 25, 1904 
Duncan, Joun D. E., Engineer, with Sanderson & Porter, 31 Nassau St., 
[lice Memter.]] New York Cit v. Mar. 20, 1895 
Duncan, TioMas, Vice-president and General Manager, Duncan Electric 

Mfg. Co., Lafavette, Ind. Oct. 17, 1894 
DuNCAN, WILLIAM SYLVESTER, Engineer, Western Electric Co.; res., 

2433 Ohio St., Chicago, Ill. Jan. 26, 1906 


Dunn, CLIFFORD E., Patent Attorney, Dunn & Turk, Park Row Bldg., 
New York City; res., 12a Monroe St., Brooklyn, М. Y. Feb. 15, 1899 


Dunn, KixNcsrEY G., Hunt, Mirk & Co., Inc., 642 Ashbury St., San Fran- 
cisco, Cal. Oct. 17, 1894 
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DUNSTAN, ARTHUR ST. CHARLES, Professor Electrical Engineering, Ala. 
Polytechnic Institute, Auburn, Ala. Nov. 25, 1904 


Dunwoopy, Henry Н. C., 1522 31st St., Washington, D. C. May 17, 1904 
DvRANT, Epwarp, Electrical Engineer, 115 East 26th St., New York 


Cit y. Nov. 15, 1892 
Durant, Сео. F., General Manager Bell Telephone Co., of Missouri, Tele- 
phone Building, St. Louis, Mo. Apr. 15, 1884 
DurRRAN, RICHARD THoMas, Manager, А. E. G, Urbesee Abteiling 
Fiiediich. Karl ufer 2/4 Berlin N. W., Ger. Oct. 27, 1905 
DusMAN, JOHN F., Superintendent Electrical Equipment, United E. L. & 
P. Co., 30 So. Eutaw St., Baltimore, Md. May 19, 1903 
DwicHT, THEODORE, Asst. Secy. Amer. Inst. of Mining Engrs., 29 W. 
29th St.; res., 103 W. 55th St., New York City. jan. 23, 1903 


Dyer, Ernest I., Manager, Charles C. Moore & Co., Engineers, Inc., 
Mutual Life Building, Seattle, Wash. jan 25, 1899 


DYKE, OWEN ARTHUR WyYNNE, Electrical Contractor, 90 St. George's St.; 
Capetown, South Africa. Sept. 27, 1901 
Dvorr, GEorGE MILLER, Engineer, Westinghouse Electric and Mfg. Co.; 
res., 6837 Thomas St., E. E., Pittsburg, Pa. Nov. 23, 1906 
Dyson, ALFRED HARTWELL, Engineer, 670, 308 Dearborn St., Chicago, 
Til. Jan. 23, 1903 
DysTERUD, EMiL, Superintendent and General Manager, Electric Light 
and Power Co., Monterey, Nuevo Leon, Mexico. july 26, 1900 
EASTHAM, MELVILLE, Electrician, Willyoung & Gibson, 40 W. 13th St., 
New York City. Sept. 22, 1905 
EastMAN, GEORGE Niar, In charge of Testing Laboratory, Сіісаро Ed- 
ison Co., 139 Adams St., Chicago, Ш. Nov. 22, 1901 
Eaton, Howanp FRENCH, МесГапіса1 ard Electrical Draftsman, Сісге 
& Weber, 147 Milk St., Boston, Mass. Feb. 27, 1903 
Eaton, RALPH Warpo, Commercial Engir cer, Westirgkouse Electric ar d 
Mfg. Со. ; теѕ., Technology Cl amteis, Eoston, Mass. Арг. 26, 1€07 
EBERHARDT, ELMER GOULD, Sales Department, Westinghoure Electric & 
Mfg. Co., Gorham Building, Hazleton, Pa. Oct. 28, 1904 
EBERHARDT, OTTO IMMANUEL, Sales Department, Westinghouse Electric 
& Mfg. Co., Land Title Building, Philadelphia, Pa. Dec. 28, 1906 
Еррү, H. C., District Manager, Arerican District Steam Co., 1334 Mon- 
adnock Building, Chicago, Ill. June 20, 1894 
Eppy, Harry CLIFFORD, Inspector Electrical Department, D. of C. Dis- 
trict Building, Washington, р. С. Feb. 24, 1905 


Eppvy, Horace T., Professor of Electrical Engineering, University of 
Cincinnati, Cincinnati, Ohio. May 21, 1901 


Еррү, Lynne W., Student, Western Electric Co., Hawthorne, Ill. 
Nov. 23, 1906 


Epcar, Harry Tuomas, 2d Vice-president, Manager Northern Texas 


Traction Co., Ft. Worth, Tex. Feb. 27, 1903 
EpMANDS, І. R., Works Manager, Union Carbide Co., 157 Michigan 
Ave., Chicago, Ill. June 23, 1897 
EDMANDS, SAMUEL SUMNER, Instructor, Applied Electricity, Pratt Irsti- 
tute, Brooklyn, N. Y. Mar. 22, 1901 
Ермохрѕ, SAMUEL Owen, Patent Lawyer, 32 Liberty St.; res., Lawrence 
Park, Bronxville, М.Ү. july 28, 1903 
EDMUNDS, CHARLES KEYSER, Professor of Physics, Canton Christian Col- 
lege, Canton, China. | Sept. 25, 1903 
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EDSTROM, JOHANNES SIGFRID, General Manager, Allmanna Svenska Elec- 


tric Co., Westeras, Sweden. May 19, 1903 
EDWARDS, CHARLES GRIFFIN [Local Secretary], Assistant Engineer, Elec- 
trical Commission, City Hall, Baltimore, Md. May 17, 1904 

Epwarps, CLirroN V., Patent Lawyer, 2 Rector St., New York. 
Nov. 22, 1899 


Epwarops, JAMES P., Assistant Electrical Engineer, Postal Telegraph 
Cable Co., 608 Prudential Building, Atlanta, Ga. Арг. 19, 1892 


EpwaRps, JOSEPH BLACKBURN, Supt. Kellogg Switchboard and Supply 


Co., Congress and Green Sts., Chicago, Ill. Jan. 23, 1903 
Еслм, JAMES MEIKLE, Chief of Electric Dept. Edison Electric Light Co. 
10th and Sansom Sts., Philadelphia, Pa. July 26, 1900 
EGLINTON, WILLIAM MCNICoLL, Compania Electria de Согсерсіоп. 
Concepcion, Chili. Feb. 27, 1903 
EuHRBAR, Louis Harvey, Engineer, Subway Construction, New York 
Telephone Co., 15 Dey St., New York City. Sept. 28, 1906 
EHRENREICH, JAMES JACOB, Contracting Electrical Engineer, 503 Fifth 
Ave., New York City. June 19, 1903 
Енвет, CORNELIUS DALZELL, 2116 New Land Title Building, Philadel- 
phia, Pa. Jan. 24, 1902 
EHRHART, RAYMOND NE son, The Westinghouse Machine Co.; res., 7612 
Edgerton Ave., Pittsburg, Pa. Mar. 27, 1903 
EISENBEIS, WALTER HERMAN, Canadian Westinghouse Electric and Mfg. 
Co., Lawlor Building, Toronto, Ont. Dec. 19, 1902 


EKBERG, WILLIAM ANTON, 33 Second St., San Francisco, Cal. 

Sept. 22, 1905 
EKERN, Emit ALFRED, Telluride Power Co., Grace, Idaho. Jan. 29, 1904 
EKSTRAND, CHARLES, Engineer, Warner Sugar Refining Co., Edgewater, 


N. J. Apr. 25, 1902 
EKSTROM, ÁxzEL, Consulting Electrical Engineer, Delaware Hudson Ry., 
Co., Albany, N. Y. June 17, 1890 


ELDEN, LEONARD Lorp, Chief Electrician, Edison Electric Illuminating 
Co. of Boston, 3 Head Pl.; res., Dorchester, Mass. Apr. 23, 1903 


Evey, Josian NorF eet, Electrician, Ludwig & Co., 511 Empire Bldg., 


Atlanta, Ga. Feb. 28, 1902 
ELLARD, JoHN W., J. L. Blackwell & Co., 801 Continental Building, 
Baltimore, Md. June 23, 1897 
ELLINGER, Epcar, Electrical Engineer, L. K. Comstock & Co., 114 Lib- 
erty St., New York City. Apr. 25, 1902 
Еллотт, ALLMAND B Low, Vice-president and Treasurer, Witherbee Ig- 
niter Co., 541 W. 43d St., New York City. Oct. 27, 1905 
ELLIOTT, ARTHUR H., Engineer-Chemist, Consolidated Gas Co., 4 Irving 
Place, New York City. Mar. 23, 1906 
ELLIOTT, ELMER G., Construction Engineer, Selby Smelting & Lead 
Co., Selby, Cal. May 21, 1902 
ELL10TT, GEoRGE WItson, Electrical World; res., Llewellyn Park, 
Orange, N. J. June 14, 1905 
Елотт, Howard STICKNEY, Milwaukee Electric Railway and Light- 
ing Co., Milwaukee, Wis. Apr. 26, 1907 
ELLioTT, Tuomas, Chief Engineer, Cincinnati Traction Co., Cincinnati, О. 
May 19, 1903 

Еллотт, WiLL1AM HENRY, Signal Engineer, N. Y. C. & H. R. R. R., Room 
1245, Grand Central Station, New York City. Dec. 15, 1905 
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Erlis, CLARENCE HEYWARD, Superintendent, City Electric Light Plant, 


Tallahassee, Florida. Mar. 24, 1905 
ELLIs, TONN, Manager, The Lonsdale Co.'s Electric Light Plant, Lonsdale 
zd. Apr. 26, 1899 
ELLs, FREDERICK WILLIAM, Secretary and Engineer, Northwestern Mfg. 
Co., Milwaukee, Wis. july 19, 1904 
ELMER, WILLIAM, JR., Master Mechanic, 28th St. Shops, Pittsburg, Pa. 
Mar. 18, 1890 
ErsHoFP, BERNARD, Superintendent Electrical Department, Allis- 
Chalmers Co., Milwaukee, Wis. Feb. 27, 1903 
ELWELL, Davip, Engineer, Railway Construction Department, Westing- 
house Electric and Mfg. Co., Pittsburg, Pa. Apr. 26, 1907 


Evry, CHARLES CADWALLADER Corstructirg Ergireer, Karsas City ard 
Western Railway, Rosedale Station, Kar.sas City, Mo. Apr. 26, 1907 


ELY, WM. GROSVENOR, JR., Supt. of Construction, General Electric Co.; 


res., Lenox Road, Schenectady, N. Y. Mar. 21, 1893 
EMERICK, Louis W., Vice-president and General Manager, Fulton Light, 
Heat and Power Co., Fulton, N. Y. ` Aug. 13, 1897 
EMERSON, Henry BENNETT, Engineer, General Electric Co.; res., 216 
Parkwood Blvd., Schenectady, N. Y. Dec. 28, 1906 
EMERSON, LUTHER LEE, Manager, Clark and McMullen, 20 Broad St., 
New York City. Nov. 25, 1904 
Емрісотт, WINTHROP TINGLEY, Assistant on Electrolytic Investigation 
Boston Elevated Railway Co., Boston, Mass. Mar. 1, 1907 
ENDRES, KENNETH WINDRAM, Electrical Engineer, American Telephone 
& Telegraph Co., 15 Dey St., New York City, Mar. 1, 1907 
ENGEL, Joun Gustav, Electrical Engineering Department, Twin Cit 
Rapid Trarsit Co., Minneapolis, Minn. Mar. 1, 190 
ENGELHORN, FRANK JOSEPH, Superintendent of Electrical Dept., Atlin 
Corsolidated Mining Co., Atlin, В. С. Мау 19, 1908 
ENGLAND, PauL WILLARD, Assistant Engineer, Bell Telephone Co., 11th 
and Arch Sts., Philadelphia, Pa. Mar. 25, 1904 
ENGLISH, THOMAS FuLTON, Superintendent Union Light, Heat and Power 
Co., Covingtcn, Ky. Oct. 27, 1905 
ENSLEN, EUGENE FLYNN, JR., Electrical Engineering Assistant, Ford 
Bacon and Davis, Birmingham, Ala. Oct. 28, 1904 
EnstrOM, ALEX FREDRIK, Professor Royal Technical Academy, 99 
Regeringsgatan, Stockholm, Sweden. Nov. 25, 1904 
Entz, Justus BuLKLeEy, Vice-president Electric Vehicle Co., Hartford 
Conn. Jan. 7, 1890 
Entz, THEODORE B., Branch office manager, Electric Storage Battery Co., 
817 Wainwright Building, St. Louis, Mo. Feb. 26, 1904 
EPsTEIN, JOSEPH, Engineer in Chief, Elektrizitats-Aktiengesellschaft Leer- 
bachstressa 32, Frankfort am Main, Germany. Mar. 25, 1904 
Ersen, Н. F. T., Designing Engineer, General Electric Co., Schenec- 
-~ tady, N. Y. Aug. 22, 1902 
ERISMAN, Oscar, Engineer, General Electric Co.; res., 23 Glenwood Blvd., 
Schenectady, N. Y. Nov. 23, 1906 
Erwin, FRANK BENNETT, Electrical Engineer, Westinghouse E. & M. 
Co., 11 Pine St., New York City. Jan. 3, 1902 
EsriNG, ALBERT, Sales Manager, R. E. T. Pringle Co., 33 Vincent St., 
W., Toronto, Ont. Nov. 20, 1903 
EsTABROOK, Harry CROWNINGSHIELD, Construction Foreman, Stanley С. 
I. Electric Mfg. Co., Pittsfield, Mass. May 15, 1905 
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EsTERLINE, J. WALTER [Local Secretary], Instructor Electrical Engireer- 


ing, Purdue University, Lafayette, Ird. Mar. 28, 1900 
Estes, JAMES WALTER, Contract Department, Crocker-Wkeeler Co., 
Ampere, N. J. Apr. 27, 1906 
ETHERIDGE, Harry, Asst. Supt. Allegheny Co. Light Co.; res., 1906 
jenny Lind St., McKeesport, Pa. Jan. 23, 1903 
ETHERIDGE, Locke, M.E., Electrical Engineer, 427 Monadrock Bldg.; 
res., 44 E. 50th St., Chicago, Ill. Oct. 17, 1894 


ETTRUP, LAWRENCE, Consulting Engineer, Sacramento Ashburton Mining 
Co., Room 36, Physician Bldg., Sacramento, Cal. Feb. 26, 1904 


Evans, HERBERT S., Professor, University of Colorado, Boulder, Colo. 
Nov. 24, 1905 


Evans, RoBERT PENNAL, JR., Engineer, Westinghouse Electric ard Mfg. 


Co., Pittsburg, Pa.. Jui e 21, 1507 
Evans, WaLTER HuBeErtT, Draftsman, Central California Traction Co.; 
res., 435 East Park St., Stockton, Cal. Nov. 23, 1906 
Evans, WILLIAM ALBERT, Assistant Laboratorian, Philadelphia Electric 
Co., 122 Arch St., Philadelphia, Pa. Mar. 25, 1904 
EVELAND, Porter, Leadville Light & Power Co., 114 E. 8th St., Lead- 
ville, Colo. June 19, 1903 
EvELETH, CHARLES E., Assistant Engineer, General Electric Co.; res., 
111 Parkwood Blvd., Schenectady, N. Y. Nov. 23, 1906 
Ev LETH, CHARLES Mirick, Engineerirg Dept., American Telepl one and 
Telegraph Co., 22 Thames St., New York City. Mav 17, 1904 


EVERETT, CHARLES Epwarp, Electrical Operator, Interborough Кара 
Transit Co., 100 Division St., New York City. Sept. 28, 1906 


EVERETT, SAMUEL HARRISON, JR.. Electrical Engineer, Gould Storage 


Battery Co., 347 Fifth Ave., New York City. May 14, 1906 
EveritT, Epwarpb Нотснктѕѕ, Engineer, The So. N. E. Telepkore Co., 641 
Whitney Ave., New Haven, Conn. Jan. 3, 1902 
Evers, EpwanRp PauL, Motor Tester, Wagner Electric Mfg. Co., St. 
Louis, Mo. Apr. 27, 1906 
EwiNG, GEORGE CLINTON, Electrical Railway Supplies, 131 State St., 
Boston, Mass. Mar. 27, 1908 


EwiNG, THomas, JR., Ewing, Whitman & Ewing, 67 Wall St., New York; 
res., Yonkers, N. Y. A July 19, 1904 
Eyre, MaNNiNG K., Westinghouse Lamp Co., 510 W. 22d St., New York 


Cit y. Oct. 17, 1894 
Faccioli, Giuseppe, Electrical Engineer, Gereral Electric Co., Great 
Barrington, Mass. July 19, 1904 
FAHNESTOCK, ERNEST BENJAMIN, Vice-president ага G. M., Fatrestock 
Electric Co., 129 Patchen Ave., Brooklyn, N. Y. Apr. 23, 1903 
FaHNESTOCK, J. Harvey, Engineering Department, Wisconsin Telept one 
|. Co., Milwaukee, Wis. July 19, 1904 
Fauny, Frank P., Draftsman, Pennsylvania Railroad Co.; res., 1408 7th 
| Ave., Altoona, Pa. May 15, 1905 
FAIRBANKS, GEORGE BANKER, Salesman, Westinghouse Electric ard Mfg. 
Co., 314 Occidental Ave., Seattle, Wash. Mar. 24, 1905 
FAIRBANKS, ROBERT PaAvNE, Power Station Superintendert, Telluride 
Power Co., Provo, Utah. Apr. 23, 1903 
FAIRCHILD, ALBERT Rovar, Property Man, Twin City Rapid Trarsit Co: 
res., 1034 S. E. 17th Ave., Minneapolis, Minn. Nov. 24, 1905 
FAIRCHILD, WALTER Lowe, Consulting Engineer, Mills Brilding, New 
York City. Oct. 24, 1902 
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FALLGATTER, HoMER Becr, Wire Chief, Johnstown Telephone Co., 644 


Main St., Johnstown, Pa. May 15, 1905 
FANSLER, PercivaL Ётллот, B. S., J. G. White & Co., 43 Exchange Pl., 
New York City. Mar. 28, 1902 
FARLEY, J. WALpDRON, Transformer Designer, Westinghouse E. & M. Co., 
Pittsburg, Pa. Sept. 25, 1903 
FARMER, FRANK MaALcoLM, Electrical Testing Laboratories, 80th St. & 
East End Ave., New York City. Nov. 21, 1902 


FARMER, IV. THOMAS, PIRE Consolidated Car Heating Co.; res., 355 
State St., Albany, N. Y. Oct. 26, 1906 


FARNELL, WILLIAM CLEMENT FosrTER, Head Final Inspector, Western 


Electric Co., New York City. Mar. 1, 1907 
FARNSWORTH, ARTHUR J., Supt. of Construction, Stone and Webster, 
Engineering Corp. Jacksonville, Florida. Jan. 16, 1895 
FARRAND, Dubey, General Manager, United Electric Company of New 
Jersey; 207 Market St., Newark, N. J. uly 26, 1900 
FARRAR, EDWARD LesLie, Induction Motor Dept., General Electric Co.; 
res., 791 State St., Schenectady, N. Y. Nov. 23, 1906 
Farrow, PERCIVAL Ковевт, Chief Operator, Kammistiquia Power Co., 
Kakabeka Falls, Ont. Apr. 26, 1907 

FARWELL, FRANKLIN MAGINNIS, 109 S. 6th St., Duquesne, Pa. 
May 14, 1906 


FARWELL, HAROLD GILBERT, 30 7th Ave., New York City. Apr. 23, 1903 


FasHBAUGH, WILLIAM N., Electrician, Western Union Telegragh Co., 195 
Broadway; res., 545 W. 148th St., New York City. July 26, 1907 


FAULDER, ALFRED ЈОЅЕРН, Chief Clerk, Engineering Department, New 


York Tel. Co., 15 Dey St., New York City. Mar. 29, 1907 
FAwcETT, WALLACE H., General Electric Co.; res., 8 Union St., Schenec- 
tady, N. Y. Aug. 22, 1902 


Fay, Tuomas J., J. M. Ellsworth, 518 W. 22d St., New York City. 
June 26, 1891 
FEATHER, ROBERT JOHN, Electrician, Columbus Railway and Light Co., 
5734 N. High St., Columbus, O. Mar. 25, 1904 


FECHHEIMER, CARL J., Assistant Engineer, Bullock Electric Mfg. Co.; 
res., 3442 Reading Road, Cincinnati, O. Dec. 15, 1905 


FEICHT, RussELL, Stimson Electrical Engineer, Westinghouse Electric 
Mfg. Co., Pittsburg, Pa. Apr. 28, 1905 


FEILDEN, THEQDORE JOHN VALENTINE, Editor-in-chief The Electrical 
Magazine, 4 Southampton Row, London, W. C. Nov. 25, 1904 


FELDMANN, CLARENCE, Professor Electrical Engineering, Technical High 


School, Delft, Holland. May 19, 1903 
FELLows, Henry WarLACE, Consulting and Construction Engireer, 
Goldendale, Wash. May 19, 1903 
FENN, ERNEST JAMES, Partner, Steuart & Fenn, Dundin, N. Z. 
Apr. 22, 1904 
Fercus, WirLiAM Lovepay, Consulting Mechanical and Electrical En- 
gineer, 1509 Fisher Building, Chicago, Ill. . . May 19, 1908 
FERGUSON, JOHN, Partner, McLaren and Ferguson; res., 43 Dalhousie 
St., Glasgow, Scotland. Sept. 28, 1906 
FERGUSON, OLIN JEROME, Asst. Professor of E. E., Union College; res., 
1007 Nott St., Schenectady, N. Y. Nov. 24, 1905 
FERGUSON, SAMUEL, Engineer, General Electric Co., Schenectady, N. Y. 
Jan. 3, 1902 
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FERGUSON, WILLIAM AGUSTINE, Electrical Engineer, Mexican Light and 
Power Co., Ltd., Mexico City. | Oct. 28, 1904 


FERNANDEZ, WiLLIAM TALANERA, Foreman, Electrical Operating Dept., 
N. Y. Edison Co., 38th St. & Ist Ave., New York. May 19, 1903 


FERRIN, AnTHUR W., Consolidated Car Heating Co., 150 М. Pearl St., 


Albany, N. Y. june 15, 1904 
FERRIN, Epwanp EvcENE, Foreman, Installing Department, Western 
Electric Co., Dallas, Texas. Sept. 28, 1906 
FERRIS, ROBERT Murray, Engineer, The New York Telephone Co.. 
15 Dey St., New York City. Feb. 28, 1902 
FERRY, MoNTAGUE, Engineer, S. G. McMeen; res., 787 Market St., San 
Francisco, Cal. Apr. 26, 1907 
FETHERLING, HERSCHEL G., Engineer, Blaisdell Filtration Co., Los An- 
geles and New York City. Dec. 18, 1903 
FEUERSTEIN, SIEGMUND, Electrical Engineer, Rochester and Southern 
Construction Co., Rochester, N. Y. Sept. 28, 1906 
FiELD, ALLAN BERTRAM, Bullock Electric Mfg. Co.; res., 4316 Forest 
Ave., Station H, Circinrati, O. May 19, 1903 


FiELD, ARTHUR W., 11 Johrson St., Waterbury, Conn. Aug. 22, 1902 
FigLD, Roy ALBRIGHT, Superintendent, Rome Gas, Electric Light ard 


Power Co., Rome, N. Y. Dec. 15, 1905 
FiELDING. FRANK E., Chemist and Assayer, Virgiria City. Nev. 
(Life Member.] Sept. 6, 1887 
FIELDING, GEORGE THOMAS, JR., General Electric Со.; res., 1234 Union 
St., Sckerectady, N. Y. us 28, 1906 
FIELDING, РнплР Harrison, Inv., Electrical Specialties, CO fea View 
Ave., S. Norwalk, Corn. July 28, 1903 
Figux, Ernest D., Ге La Vergre Mactire Co., East 138th €t.; res., 
225 Riverside Diive, New York City. Mar. 1, 1907 
FiNcH, HERBERT Isaac, [Local Secretary] Assist. Supt. The Emerton 
Electric Mfg. Co., St. Louis, Mo. Apr. 23, 1903 
Fine, JAMES MorRELL, Foreman, Testing Department, De Laval Steam 
Turbine Co., Trenton, N. ]. Feb. 24, 1905 


FINLAY, WALTER STEVENSON, JR., Assistart Ergireer to Supt. of M. P, 
Interborough Rapid Trarsit Co., New York City. Sept. 28, 1°06 


FINNEY, ALFRED CARREL, Switchboard Irspector, Gereral Electric Co.; 
es., 54 Front St., Sckerectady, М. Y. Apr. 26, 1007 
FINNEY, JOHN H., Marager Aluminum Co. of America, Natioral Bank 
of Commerce Buildirg, St. Louis, Mo. Sept. 26, 1602 


Finzi, GEORGE, Gereral Mar ager, Officine Elettro-Terroviarie, 24 Piazza 
Castello, Milar.o, Italy. Mar. 27, 1£03 


Firman, Leo Dorsey, Assistant Irspector of Electric Lightirg, Electrical 
Bureau; res., 1730 Girard Ave., Philadelphia, Pa. Sept. 28, 1906 


FirtH, WM. ЕрсАв, Chief Ergineer, The Midvale Steel Co., Nicetown, 


Phila.; res., 7203 Boyer St., Germantown, Pa. Mar. 25, 1896 
FisH, FRED Avan, Associate Prof. of Electrical Engineering, Iowa State 
College, Ames, lowa. Mar. 28, 1900 
Fisu, FREDERICK Perry, Fish, Richardson, Herrick & Neave, 84 State 
St. Boston; res., Brookline, Mass. Mar. 28, 1902 
FisHBACK, FREDERICK R., Salesman, Electric Cortroller and Supply Co.; 
res, 7617 Linwood Ave., Clevelard, Oto. July 26, 1907 
FISCHER, ADOLPH Louis, Assistart, Transformer Departmert, Thomson, 
Houston Electric Co., W. Lynn, Mass. Apr. 26, 1907 
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FISHER, BENJAMIN FRANKLIN, JR., Electrical Engineer, Q. M. G. O., U.S. 
Goverrment, Washington, D. C. Jan. 29, 1904 


FISHER, GEORGE Epwarp, Irsrector, Asscciated Factory Mutuzl Fire 
Ins. Co., Room 510, 31 Milk St., Boston, Mass. Apr. 23, 1903 


FisHER, HowarpD SHREVE, Westingkouse Electric ага Mfg. Co., 11 Fire 


St., New York City. Dec. 19, 1902 
Fiske, WARREN HERBERT, Electrical Engireer, Mexico Tramways Cò., 
Mexico, D. F., Mcx July 28, 1603 
FISKEN, JOHN BARCLAY, S usenntendent Light ard Power System, Tre 
Washington Water Power Co., Spokare, Wash. Apr. 23, 1903 
Fitts, CLARENCE DUDLEY, Electrician, Oakville Co., Oakville, Conn. 
Nov. 20, 1903 
Fitz, Ervin Mout, Electrical Engireer, M. P. Dept., Penrsvlvaria Lires 
West of Pittsburg, Columbus, O. Sept. 25, 1903 
FITZGERALD, THOMAS, JR., Cincinnati Traction Co., ови о. 
. 3, 1902 
FirzuvcH, WM. H., Supt. Bay City Electric Plant, 2230 се Ave., 
Bay City, Mich. Apr. 27, 1898 
Fracc, Ray, Electrical Engineer's Assistant, Wagner Electric Mfg. Co. 
2017 Locust St., St. Louis, Mo. Sept. 28, 1906 
FLATHER, JOHN J., Prolescor of Mechanical Engineering, Uriversity of 
Minnesota, Minneapolis, Minn. Apr. 19, 1892 
FLEET, JAMES A., Gereral Superintendent, Consolidated Electric Ligkt 
Co., Portlar.d, Maire. Apr. 26, 1907 
FLEMING, DaNrEL J., American Appraisal Co.. 43 Exchange Place, New 
York Cit v. Sept. 28, 1906 
FLEMING, JOHN BRECKENRIDGE, Mechanical Engineer, Joshua Herdy 
Iron Works, San Francisco, Cal. Apr. 27, 1898. 
FLEMING, RICHARD, Designing Engireer, General Electric Co., Lyrn; res., 
Swampscott, Mass. Jan. 24, 1902 , 
FLEMING, THOMAS JOSEPH, Electrical Ergireer, Agar, Cross & Co. 124 
Call Defersa 128, Bueros Ayres, S. A. Sept. 25, 1903 
FLESHIEM, ROBERT STEPHENSON, Sales Engireer, Allis-CFalmers Co., 
1205 First Natioral Bank Bldg., Circirrati, O. Apr. 26, 1507 
FLETCHER, CHARLES WILLIAM, Morse Chain Co., Ithaca, N. Y. 
Jan. 27, 1905 
FLETCHER, RAYMOND, FENNIMORE Electrical Engineer, McMaster & 
Fletcher, 338 E. State St., Columbus, O. Apr. 22, 1904 
FLICKINGER, JOHN TRESSLER, with Gereral Superinterdert, Ger eral 
Electric Co., Schenectady, N. Y. Sept. 25, 1903 


FrLrEss, ROBERT ANTON, 44 Chestnut St., East Orange, N. J 
Mar. 23, 1898 


FriNT, JAMES J., President, The Flint-Lomax Electric and Mfg. Co., 1400 
Delgany St.; res., Berkeley, Denver, Colo. Mar. 27, 1903 


FLINT, Louis Joseph, Kellogg Switchboard and Supply Co., Chicago, 
Ш. Jure 21, 1907 


FLowERS, ALAN Esris, Instructor, University of Missouri, Columbia Club, 
Columbia, Mo. Nov. 25, 1904 


Frov, Henry, Consulting Electrical and Mecharical Engineer, 220 
Broadway, New York City; res., E. Orange, N. J. May 17, 1892 


FrLovp, WALTER CLARENCE, Assistant Superintendent of Construction, 


Erner-Hopkins Co., Columbus, О. Feb. 24, 1905 
FoLey, Hiram SAINE, Superintendent, San Ildefonso Division, Mexican 
Light and Power Co., Mexico City, Mex. Jan. 25, 1907 
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Foot, BENJAMIN Dean, Electrical Engineer, G. E. Co.; res., 629 Liberty 


St., Schenectady, N. Y. Oct. 26, 1906 
Foote, FERDINAND JOHN, Engineering Department, Westir gl ouse Elec- 
tric and Mfg. Co., Cincinnati, О. Oct. 23, 1903 
Foote, Horace Burt, Electrical Engineer, General Electric Co., Scterec- 
tady, N. Y. Mar. 29, 1907 
Foote, STANLEY CLIFFORD, Electrician, Long Arm System Co., Cleve- 
land, O. Apr. 27, 1906 
Forp, CHaRLES W., General Superintendent, Oklahoma City Ry. Co. 
120 Grand Ave., Oklahoma City, Okla. Feb. 24, 1905 
Ford, Frank R., M. E., Consulting Engineer, Ford, Bacon & Davis 
115 Broadway New York City. Mar. 25, 1896 

Еовр, HaNNiBAL C., 1318 East Genesee St., Syracuse, №. Y. 
Feb. 24, 1905 
Forp, WALTER STEBBINS, Instructor, Cornell University; res., 804 E. 
Seneca St., Ithaca, N. Y. Dec. 15, 1905 
Forp, WM. SPENCER, 4 Howard St., Melrose ,Mass. jure 7, 1892 
Forman, Paris RarpH, Meckarical Engireer, Burdett-Rowntree Mfg. 
Co., 85 W. Jackson St., Chicago, Ш. Apr. 26, 1907 
Foreman, WALTER EveresrT, District Engineer, Westinghouse E. & M 
Co., Candler Building, Atlanta, Ga. Mar. 25, 1904 


ForsyTH, JOSEPH C., Chief Inspector, Electrical Dept., The N. Y. Board 
of Fire Underwnters, 32 Nassau St., New York City. Apr. 23, 1903 
ForsyTHE, WILLIAM CRAIG, Superintendent, Mobile Electrical Supply Co., 


Mobile, Ala. Dec. 23, 1904 
FoRTESCUE, CHARLES LE Geyr, Electrical Designer, Westinghouse E. & 
M. Co., Pittsburg; res., Wilkinsburg, Pa. Jan. 23, 1903 
ЕО$ТЕВ, FRANCIS PERRY, Superintendent, Fire Alarm Telegraph, Corrirg 
Fire Department, City Hall, Corning, N. Y. Dec. 23, 1904 
FostTER, FREDERICK Henry, Engineering Department, Hamilton Electric 
Light and Cataract Power Co., Hamilton, Ont. June 19, 1903 
FosTER. GEORGE BEERS, District Manager, Allis-Chalmers Co., Milwaukee, 
Wis. Feb. 27, 1903 
Foster, Marcus Lucveas, JR., West Electric Co., Montgcmery, Ala. 
Dec. 28, 1906 
Foster, MortTiMER Вкіѕтог, Secretary and Treasurer, M. B. Foster 
Electric Co., 949 Broadway. New York City. Mar. 29, 1907 
Foster, WirLiAM JAMEs, Design Engireer, General Electric Со.; res., 2 
Douglas Road, Scherectady, N. Y. Apr. 26, 1907 
FOURNIER, GEORGE Henry, Erecting Engineer, Westinghouse Electric 
and Mfg. Co., Baltimore, Md. Mar. 1, 1907 


Fow Le, FRANK FULLER, Manager, Operating Dept.. American Tel. ard 
Tel. Co., Room 441, 105 Quincy St., Chicago, Ill. Dec. 19, 1902 


FowLER, CLARENCE Parkes, Electrical Engineer, Westinghouse Electric 


and Mfg. Co., Pittsburg, Pa. Mar. 29, 1907 
Fow Ler, бео. W., Electric Expert, Shelby Electric Co., 32 Frankfort St., 
New York City; res., Westfield, N. J. Oct. 24, 1900 
Fow Ler, Myron MARSHALL, Electrical Engineer, Western Electric Co. 
259 South Clinton St., Chicago, Ill. Apr. 23, 1903 
Fox, Maurice Epwarp, Student, Polytechnic Institute, Brooklyn; res. 
Hewletts, L. I, N. Y. Jan. 25, 1907 
Fox, Thomas Epwanp, Superintendent Electric Lighting Plant, Consoli- 
dated Railway Co., Greenwich, Conn. Jure 21, 1907 
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Fox, WALTER Gorpon, Assistant Chief Engineer, Ferrocarril al Curaray, 


14 West 84th St., New York City. Jure 21, 1907 
Fox, WILLIAM A., Secretary, Chicago Edison Co., 139 Adams St., CFicago, 
Ill. May 19, 1903 
FovsrER, ARTHUR Henry, Electricity Dept., Edinburgh Corporation; 
es., 1 Dewar Pl, Edinburgh, Scotland. Oct. 27, 1905 


FRANCIS, pos SIDNEY, Engineer, Bell Telephone Co. of Philadelphia, 
. cor. 11th and Filbert Sts., Philadelphia, Pa. Mar. 29, 1907 


Francisco, Ferris LE Roy, Supervising Electrician, Consolidated To- 


bacco Co.'s., 111 5th Ave., New York City. May 17, 1904 
Francisco, M. J., President and General Manager, Rutland Electric Light 
Co., Rutland, Vt. June 17, 1890 
Frank, Aucustus ALPHONSUS, Engineering Department, New York Tel- 
ерЕопе Co., 15 Dey St., New York City. Jan. 23, 1903 
FRANK, JOHN JAcoB, Trarsformer Derigring Engireer, Gereral Electric 
Co.; res., 107 Elmer Ave., Schenectady, N. Y. Aug. 25, 1905 
FRANKENBERG, JOHN THEODORE, Chief Engireer, Providence Telepl ore 
Co., Providence, R. I. July 26, 1807 
FRANKENFIELD, Bupp, Engineering Department, Bullock Electric Mfg. 
Co., Cincirnati, O. Feb. 17, 1897 
FRANKLIN, EMERSON Loran, Assistant Superintendent, Easton Gas ard 
Electric Co., 140 Ferry St., Easton, Pa. Mar. 24, 1905 
FRANKLIN, Mitton W., M.D., Electrical Engineer, 217 E. 23d St.; res., 
206 W. 106th St., New York City. Oct. 27, 1905 
FRANKLIN, THOMAS Z., Engireer, Underwriters’ Association of tke Middle 
Department, 316 Walnut St., Philadelphia, Pa. Apr. 27, 1906 
Frantz, Howarp M., Marager Electrical Department, Н. W. Jors 
Manville Co., 173 Rar dolph St., Chicago, Ill. jun 21, 1907 


FRANTZEN, ARTHUR, Electrical Engireer ard Cortractor, 92 W. Van 
Buren St.; res., 1944 Kenmore Ave., Chicago, Ill. Feb. 21, 1894 


FRASER, JAMES Wm., Soutkern Power Co., Ckarlotte, М. C. May 21, 1901 


FRASER, RoBErRT M., Draftsran, We:rtirgkFovre, Church, Kerr & Co., 10 
Bridge St.; res., 566a Quincy St., Brooklyn, N. Y. Mar. 25, 1904 


FREDEN, Fi.ip, Nykroppa, Sweden. Mar. 24, 1905 


FREELOVE, JAMES LEONARD, Electrician, Malden Electric Co.; res., 9 
Benner Ave., Malden, Mass. May 14, 1906 


FREEMAN, CLARENCE E. [Local Secretary], Prof. of Electrical Er gir eerir g, 
Armour Irstitute of Techrology, Chicago, Ill. Mar. 27, 1503 


FREEMAN, WELDON WINANS, Vice-presidert ard Treasurer, Edison Elec- 
tric Illum iratirg Co., 360 Fearl St., Brooklyn, N. Y. Apr. 27, 1906 


FremMARK, Max, Electrical Engir eer, Bell Telept.ore Co. of Fliladelpt ia; 


res., 1536 N. Darien St., Philadelphia, Fa. Jan. 29, 1904 
FRENCH, EpwarbD VINTON, Special Irspector, Associated Factory, Mutval 
Fire Irsurarce Cos., 31 Milk St., Bo:ton, Macs. Julv 19, 1904 


Еһехсн, Tuomas, JR., Ph.D., 40 Brantford P1., Buffalo, N. Y. 
Sept. 20, 1893 


FRENELL, Per, Electrical Engineer, Elektriska Pronfirgsar:talter, 
Knngsholmsgatan 8 IV, tockholm, Sweden. Mar. 29, 1907 


Freston, Ceci, Соке, Gereral Marager, Empresa de Alum brado Elec- 
trico y Fuerza Motrizde Tampico, Tampico, Mex. Feb. 24, 1905 


FREUDENBERGER, LEWIS ALFRED, Irstructor, Delaware College, Newark, 


Del. Nov. 20. 1903 
FREUDENBERGER, WILLIAM KAISER, Pee Engireer, Terressee Cop- 


per Co., Copperhill, Tenn. Nov. 22, 1901 
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FREUND, Henry PauL, 796 Lexington Ave., New York City, 
Sept. 26, 1902 
FREUND, MortTiMER, Laboratorian, Yards and Docks Lepaitmer t U. S. 


Navy Yard; New York City. July 26, 1907 
FREUND, SIEGFRIED, GEORGE, with L. B. Stillwell, 100 Broadway, New 
York Cit y. Nov. 25, 1904 
Frew, Joun REMINGTON, Engineer, Mexican Light & Power Co., Mecexa, 
Puebla, Mex. Nov. 23, 1906 
FRIDENBERG, HENRY LesLIE, Nevada Smelting & Mires Corporation, 25 
Broad St., New York City. May 17, 1904 
FRIEDLANDER, EucEeNE, M.M. Superintendent Electrical Departmert, 
Carnegie Steel Co., Braddock, Fa. Nov. 20, 1895 
FRIEDMANN, Louis, Electrical Engireer, General Incar.descert Arc Light 
Co.; res., 4131 Calumet Ave., Chicago, Ш. Apr. 28, 1905 
FRIEDRICH, Oscar, Draughtsman, New York Edison Co., 57 Duare ©{.; 
res., 14 W. 120th St., New York City. Sept. 28, 1606 
Fries, Јӧмѕ Erias Commercial Engineer, Canadian General Electric Co., 
Toronto, Ont. May 17, 1904 
FRITCHLE, OLIVER PARKER, Electrochemist, 1449 Clarkson St., Denver, 
Colo. Mar. 27, 1903 
FROMHOLZ, ANTON JOHN, Electrician in charge, U. S. Navy Yard; res., 
71 Linden St., Brooklyn, N. Y. May 20, 1902 


Frost, Homer Eri, Electric Controller & Supply Co., Cleveland, O. 
Jan. 23, 1903 
Fry, Aucust J., Arnold Co., 181 La Salle St.; res, 182 Oak St, 


Chicago, Ill. Dec. 28, 1906 

Fry, DoNarp Hume, Consulting Engireer, Starislaus Electric Power 
Co., 909 Kohl Buildir g, San Francisco, Cal. Nov. 23, 1898 
Fucus. Носо, Electrical Engireering Departmert, N. Y. C & H. R. RR; 
es., 208 W. 112th St., New York City. Oct. 23, 1903 
PEE IcHisukE Consulting Ergireer, Tokyo Street Railway Co.; 
‚ 56 Zaimokucho Azubu, Tokyo, Japan. Sept. 28, 1906 


бйле, үе Joun, Borough Electrical Ergireer, Corroration Elec- 
tric Works, Townmead Rd., Full am, S. W., Englar d. Feb. 27, 1903 


FuLLER, EDWIN ERNEST, Евер. British Thomson-Hourton Co., 83 


Cannon St., Lordon, E. C., Eng. Feb. 28, 1902 
FULLER, GEORGE ARTHUR, Superinterdent, Edison Electric Illumiratirg 
Co. of Boston, 83 Newbury St., Boston, Mass. Jure 14, 1905 
FuLLER, Harry WILLIAMS, General Marager, Mcr E Ку. & Electric 
Co., 14th and E. Capitol Sts., Waslargton, D. C Jure 19, 1903 
FurLER, Henry JAMES, Manager ard Engireer, John Fowler & Co.; res., 
13 Park View, Geeston Hill, Leeds, Eng. Apr. 23, 1903 


Futter, Lucius B., Telluride Power Co., Grace, Idaho. Sept. 25, 1903 
FurLLER, WALLACE Watt, Electrical Ergineer, Consolidated Railway Gas 


and Electric Co., Charleston, S. C. Mar. 27, 1903 
FULLERTON, HvcH Lee, Assistant to Electrical Engineer, Allegrery 
County Light Co., Pittsburg, Pa. Mar. 29, 1907 
FULLERTON, RUTHERFORD, Chief Electrician, Scioto Valley Traction Co., 
131 E. State St., Columbus, О, Oct. 27, 1905 
Еогтом, WIL itis Stoors, Laboratcry Foreman, Western Electric Co., 463 
West St., New York City. Nov. 24, 1905 
Funk, Nevin E_we te, Instructor Electrical Engireering, Georgia Scl ool 
of Techrologv; res., 15 W. За St., Atlanta, Ga. June 21, 1907 
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FuRGUESON, ConNELIUs, Jr., Electrical Engineer, Westinghouse Electric 


& Mfg. Co., Pittsburg, Pa. Mar. 27, 1903 
FuvssELL, Lewis, Assistart in Electrical Ergireering, University of Wis- 
corsin; res., 202 Park St., Madison, Wis. Dec. 28, 1906 
GaBav, Harry RUTHERFORD, Urdergrourd Engineer, New York Tele- 
plore Co. 15 Dev St.; New York City. Jure 21, 1907 
Gasoury, JoHN Dotan, Gereral Marager, Alabama City, Gadsen ard 
Atlar ta Railway Co., Gadsen, Ala. Jure 21, 1907 
GABRIEL, GEORGE ANDREW, Chemical Engineer, 383 E. 18th St., Brook- 
lyn, N. Y. Mar. 25, 1904 
GaBv, FREDERICK ARTHUR, Asst. Engireer, Hydro Electric Power 
Commission of Or ta1io., Toronto, Ont. Nov. 23, 1906 
GAENSSLEN, CARL A., 584 La Salle Ave., Chicago, Ill. Apr. 27, 1906 
Gace, ELBERT ELLSWORTH, Superintendent, St. Johnsbury Electric Co., 
St. Johnsbury, Vt. Apr. 23, 1903 


GAIENNIE, FRANK, JR., Electrical Engineer, Oaxaca, Mex. Feb. 26, 1904 
GAIENNIE, Louis RENE, Superinterdent, Kinloch Telephore Co.; res., 


4561 McPherson Ave., St. Louis, Mo. Nov. 25, 1904 
GAILLARD, LAWRENCE LEE, Electrical Engineer, Consolidated Railway 
Co., New Haven, Conn. June 15, 1904 
GAINES, CLARENCE AusriN, Corstruction Department, California Gas & 
Electric Co., John Adamis, Cal. Mar. 25, 1904 
GALE, Frank Harvey, Advertising Manager, General Electric Co., Schen- 
ectady, N. Y. May 17, 1904 
GALLAGHER, EpwarpD GERALD, Electrical Engineer, Lake Torpedo Boat 
Co., Universitatstra:se 3b, Berlin, Germany. May 14, 1906 


GALLAGHER, LAURENCE J., Science Department, Wadleigh High School, 
New York City ;'res., 147 First St., Troy, N. Y. Sept. 28, 1906 


GALLAHER, WILLIAM, Superintendent Electrical Dept., Laclede Gas Light 


Co., 716 Locust St., St. Louis, Mo. Dec. 18, 1903 
GALLATIN, ALBERT R., Schmidt & Gallatin, 111 Broadwav, New York 
City. Mar. 23, 1808 
GaLLvP, Mitton Pamer, Engireering Departmert, Providence Tel. 
Co., Providence, R. I. Sept. 28, 1906 
СлісѕнА, Don Loomis, Electrical Engineer, Stone & Webster Erg'g 
Corp., 84 State St., Boston, Mass. Oct. 27, 1905 


GANGL, Francis, Draftsman, Ford, Bacon & Davis, Birmirgham, Ala. 
Mar. 29, 1907 


GAPEN, JOTHAM CLARK, Electrical Inspector, North Shore Electric Co., 
114 Oak Park Ave., Oak Park, Ill. Mar. 29, 1907 


GARDINER, FREDERICK W., ee Assistant Engineer, Interborough 
Rapid Transit Co., 32 Park Pl., New York City. Mar. 29, 1907 


GARDNER, CHARLES Francis, Electrical Engineer, Malden Electric Co., 


Malden, Mass. Oct. 26, 1906 
GARDNER, FREDERICK F., General Manager, Seabright Electric Light Co., 
Red Bank, N. J. Jan. 29, 1904 
GARDNER, STEPHEN, Westinghouse Electric and Mfg. Co., 171 La Salle 
St., Chicago, Ill. Apr. 23, 1903 
GARDNER, THOMAS Mooney, Assistant Professor of Electrical Engineer- 
ing, Uriversity of Illinois, Urbana, Ill. Feb. 23, 1906 
GARLAND, CLAUDE M., Instructor in Mechanical Engineering, University 
of Illinois, Champaign, Ш. Mar. 24, 1905 
GARNETT, WILLIAM James, Electrician of the Artillery, U. S. Engineer 
Dept.; res., 6 Elliott Pl.. Newport, R. I. Mar. 25, 1904 
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GARRISON, КА„РН Howanp, Suferirterdent, Union Railway Supply Co., 


PLiladelpt ia, Pa. Mar. 1, 1907 
GARRARD, CHARLES CORNFIELD, Engineer, Ferranti Ltd., Hollinwood, 
Larcashire, Eng Sept. 28, 1906 
GARRATT, GRAHAM Lesie, Tester, Thomson Hovrston General Electric 
Co.; res., 24 Chace St., Lynn, Mass. Mar. 1, 1907 
GARRELS, W. L., Corsultir Er gir eer, 1707 South За St.; res., 4531 West 
Pine Bovlevard, St. Louis, Mo. Mar. 20, 1895 


GARTLEY, ALONzO, Gereral Marager, Hawaiian Electric Co., Horolulu, 
H. I. July 12, 1900 
GARTON, WILLIAM R., President ard Treasurer, W. К. Garton Co., 118 


West Jackson Blvd., Chicago, Ill. Apr. 28, 1905 
Garwoop, Homer DEWirT, Assistar t Ergireer ard Diaft: mar, Westir g- 
Louse, Church, Kerr & Co., Koulder, Colo. Apr. 26, 1907 


Garza, ALDAPE JOSE Mania, Torreon, Coahuila, Mexico. Aug. 17, 1904 
GASSMANN, Howarp МАІМ, Assistant Engineer, Crocker-Wheeler Co., 


Ampere; res., Newark, N. J. July 28, 1903 
Gaston, RALPH Mayo, Electrical Engireer, George P. Nichols & Bro., 
927 Moradrock Building, Chicago, Ill. July 28, 1903 
GATES, SAMUEL ELvERTON, Testing Department, General Electric Co.; 
res., 1022 State St., Schenectady, N. Y. Sept. 28, 1906 
GarES, WILLIAM FRANKLIN, Tester, General Electric Co., Schenectady, 
М.Ү. Jan. 25, 1907 
Gay, Frazer WALKER, Electrical Ergireer, Стоскег- М ее]ег Co., Am- 
pere, N. J. jure 21, 1907 
Gay, FREDERICK Warpo, Meckarical Ergireer, J. G. White ard Co., 43 
ExcLa: ge Fl., New York City. Apr. 26, 1907 


буйн. James Mason, 146 Terrace Drive, Pasadena, Cal. Mar. 29, 1907 
GAYLORD, TRUMAN PENFIELD, 171 La Salle St., Chicago, Ill. Feb. 28, 1902 
GAYTES, HERBERT, Electrical Engireer, Oaklazd, Cal. Mar. 23, 1898 


Gear, Harry Barnes, General Inspector, Chicago Edison Co., 139 Adams 
St., Chicago, Ш. Oct. 25, 1901 


GEARY, JOHN RICHARD, Rrepesentative for Japan, General Electric Co.; 
res., Yokohama United Club, Yokohama, Japan. Mar. 27, 1903 


GEIB, ADAM, Rue de St. Felix, Far Rockaway, N. Y. July 19, 1904 


GENTIS, Ernest L., Electrical Draftsman, Newport News Shipbuilding 
& Dry Dock Co., Newport News, Va. June 14, 1905 


GERDES, THEODORE RICHARD NICKOLAS, Rodman, Rapid үшү Соп- 
struction Co.; res., 5 Van Nest Pl., New York City. Feb. 27, 1903 


GERHARDT, FHIL'pp WirHELM, Testing Department, General Electric 


Co.; res. 905 State St., Schenectady, М.Ү. june 21, 1907 
GERRY, Epwarp M., Engineer, Bullock Electric Mfg. Co., Circinrati' 
Ohio. Mar. 27, 1903 
GIBBES, THOMAS, MIDDLETON, Contract Department, Minneapolis General 
Electric Co., Minneapolis, Minn. Sept. 25, 1903 
GIBBONEY, WILLIAM KeEnT, Massena, N. Y. Sept. 27, 1901 
GIBBS, GEORGE SrocoMB, Sales Ergireer, Westinghouse E. & M. Co., 716 
Board of Trade Building, Boston, Mass. Jure 15, 1904 
Gisss, Harry THurston, Brooklyn Heights R. R. Co., 39th St. Shops, 
Brooklyn, N. Y. Jure 19, 1903 
GiBsoN, Geo. H., Advertising Engineer, 716 Tribune Bldg., New York 
City. Nov. 22, 1899 


(29) 


ASSOCIATES. 83 


GiBSON, JouN JAMESON, Sales Westinghouse E. & Mfg. Co., Land Title 


Bldg. Philadelphia, Pa. Feb. 28, 1902 
GiERIscH, Orro Tomas, Draughtsman, Brooklyn Heights R. R. Co., 85 
Clinton St., Brooklyn, N.Y. Jan. 25, 1907 
GirrIN, FRANK ALBEE, Engineer, W. E. Baker. 27 William St., New 
York City. Apr. 22. 1904 
GILBERT, CHARLES Henry, [Local Secretary], Worcester Polytechric 
Institute, Worcester, Mass. Mar. 25, 1904 


GILBERT, E. E., General Electric Co., Schenectady, N. Y. Apr. 23, 1903 
G.LBERT, HaAROLD ADDINSELL, Draftsman, Kinsman Block System Со.; 


55 Dey St., New York wa Mar. 1, 1907 
GILBERT, HENRY CuRTIS, JR., Pee nen of Electncity, Jamestown 
Exposition Co., Pine Beach, Jan. 25, 1907 
GILBERT, HOWARD [оргон 2227 Madison Ave., Baltimore, Md. 
Mav 19, 1903 
G:LBERT, JosEPH N., Chief Engineer, National Construction and Equip- 
ment Co., Norwich, Conn. June 21, 1907 
GILBERT, SwoopPE Darrow, Commercial Engineer, General Electric Co., 
Cincinnati, Ohio. June 19, 1903 
GILCHREST, CHARLES CHANDLER, Telephone Engineer, Western Electric 
Co., 463 West St., New York City. Dec. 15, 1905 
GILCHRIST, EpwARD L., Engineer, Potomac Electric Power Co., Washir g- 
ton, D. С. Apr. 26, 1907 
GILCHRIST, JOHN Foster, Head Contracting Dept., The Chicago Edison 
o., 139 Adams St., Chicago, Ill. Jan. 23, 1903 


GILCREST, CHARLES F., 1424 Linden St., Oaklard, Cal. Sept. 25, 1903 


GILDER, RopMAN, Publicity Manager, Crocker-Wheeler Co., Ampere, 
N. J.; res., 13 E. 8th St., New York City. June 14, 1905 


G:LL, CLYDE Ross, Superintendent Electrical Distribution Sacramento 
Electric Gas and Railw ay Co., Sacramento, Cal. June 21, 1907 


GILL, FRANK, Engineer in Chief, The National Telephone Co., Ltd., Tele- 
phone House, Victoria Embankment, Lordon, Е. С. May 19, 1903 


Сил, LEesTER WILLIS, Professor, School of Mining, Kingston, Ont. 


Mar. 24, 1905 
GILLe, Henry Jonn, General Superintendent, St. Paul Gas Light Co., St. 
Paul, Minn. Jan. 25, 1901 
GILLET, Louis Ат1іѕтом, M.E., Fishkill-on-Hudson; res., 32 W. 10th St., 
New York City. Apr. 22, 1904 
GiLLi1AM, Hoce, Erecting Engineer, W. E. & NIE: Co., Pittsburg, Pa 
Jan. 23, 1903 
GILLILAND CLARENCE КЕҮ, Ry. and Ltg Dept., Westinghouse E. & M. 
Co.. 341 W. Main St., Louisville, Ky. May 17, 1904 
GILMAN, RALPH Epson, Enviar The British Westinghouse E. & M. Co., 
Ltd., Manchester, Eng. Sept. 25, 1903 
GILMORE, ALBERT DICKISON, Superinterdent of Tests, Electrical Power, 
N. Y.C. R. R., New York City. Mar. 27, 1903 
GiNN, EvANDER H., Railway Engineering Department, Gereral Electric 
Co., Empire Building, Atlanta, Ga. Mar. 27, 1903 
Girpwoop, KENNET J., Electrical ard Mechanical Engineer, ‘‘ Comparia 
Minera Las Dos Estrellas,” El Oro, Mexico. Nov. 23, 1906 


GLascow, CARR Lane, Engineer, Westinghouse, Church, Kerr & Co. 8 
Bridge St.; res., 164 W. 50th St., New York City. Mar. 27, 1903 


GLassco, JOHN GIRDLESTONE, Hamilton Cataract Power, Light & Trac- 
tion Co., Ltd., Hamilton, Ont. May 19, 1903 
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GLENCK, IMMo Ароірн HEINRICH, Consulting Engineer, for Electricity 


ard Gas Production, Frankfurt A/M, Germany. Jan. 23, 1903 
GLENN, CHARLES SEWALL, Electrical Ir spector, Solvay Proce:s Co., Syra- 
cuse, N. Y. May 17, 1904 
GLENN, THomMas Knox, General Electric Co., Em pire Buildir g, Atlarta 
Ga. May 14, 1906 
GLENN, WILLIAM Harper, Superinterdent Roadways, Georgia Ry. & 
Electric Co., 24 E. Alabama St., Atlanta, Ga. June 15, 1904 


GLovER, BENJAMIN HoweELL, Supt. M. P., Metropolitan West Side Ele- 
vated Ry. Co., 1001 Royal Ins. Bldg., Chicago, Ill. Jan. 29, 1904, 
GoBEL, FRANK Conant, Electrician, Arbuckle Bros., foot of Jay St.; 
res., 44 Fort Greene РІ., Brooklyn, N. Y. Nov. 24, 1905 
GODDARD, STEPHEN НАПЕ, Secretary ard Manager, Electrical Review, 
13 Park Row; res., 223 Fifth Ave., New York City. Sept. 25, 1903 
GODDARD, WALTER Тномрѕом, Electrical Engineer, Locke Insulator Mfg. 
Co., Victor, М.Ү. Oct. 28, 1904 
Goznusr, J. HEnNry, Corstruction Superintendent, Chicago Edison Co., 139 
Adams St.; res., 4013 Langley Ave., Chicago, Ill. May 17, 1904 
GoEPEL, Canr PauL, Counsellor-at-Law, Goepel and Goepel, 290 Broad- 
way, New York City. Mar. 24, 1905 
GOETTLING, GERHARD Max Милу, Electrical Engineer, Edison Electric 
Illuminating Co., 516 Atlantic Ave., Boston. Nov. 25, 1904 
GorFIn, EpwarRD WILLIAM, Commercial Work, General Electric Co., 84 
State St., Boston; res., Lynn, Mass. Nov. 23, 1906 
Goccans, DANIEL Forrest, J. M. O'Rourke & Co., Roosevelt, Ariz. 
Aug. 25, 1905 
GoLpiE, MaTTHEW McLean, McGill University, Montreal, Que. 
Dec. 15, 1905 


GoLpiNc, Henry Joun, Electrical Engineer, Elliott Bros., Lewisham, 


London, S. E., Eng. Feb. 24, 1905 
GoLpMAN, GEorGE, Engireer. Gereral Electric Co.; res, 9 Grove Pl., 
Schenectady, N. Y. Mar. 25, 1904 
GOLDMARK, Cuas. J., Consulting Electrical Engineer, 7 W. 38th St., New 
York City. June 5, 1888 
Gotprick, Harry C., Kellogg Switchboard and Supply Co., 404 Ashdown 
Building, Winnipeg, Manitoba. Sept. 22, 1905 
GOLDSCHMIDT, Epwarp W., District Sales Agent, Wagner Electric Mfg. 
Co., 17 Battery Pl., New York City. July 28, 1903 
GoLpsMITH, Leon, Westinghouse E. & M. Co., 11 Pine St., New York 
City. Mav 17, 1904 


GoovELL, JOHN M., Engineering Record, 239 W. 39th St., New York City. 
Feb. 27, 1903 


GoopiNc, Henry L., Electrician in charge, Department of Ordnance, 


Brooklyn Navy Yard, N. Y. Mar. 29, 1907 
GoopwiILLIE, RoBERT HocvE, Electrical Engineer, Otis Elevator Co., 
Yonkers, N. Y., Mar. 25, 1904 
Goopwin, WILLIAM NELsoN, JR., Chief Electrical Engineer, Weston Elec- 
trical Instrument Co., Waverly Park, N. J. Sept. 28, 1906 
Goopy, CoraL Payne, Assistant Engineer, The Telluride Power Co., 
Provo, Utah. Oct. 24, 1902 
Сокром, GEORGE Byron, Wire Chief, Chesapeake & Potomac Tel. Co., 
Washington, D. C. May 19, 1903 
Сокром, JAMES RUTHERFORD, District Manager, Westinghouse Electric 
and Mfg. Co., Candler Building, Atlanta, Ga. Mar. 1, 1907 
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Gorpon, REGINALD, Newburg, N. Y. Feb. 24, 1891 
Gorman, Harry В. L., Tester, Northern Electrical Mfg. Co., res.; 214 
Buell St., Madison, Wis. Jan. 27, 1905 
GORRISSEN, Сн., Siemers Bros. & Co., Ltd., York Marsiors, York St., 
Westmirster, Lordon, 5. W., Erg. Mar. 25, 1896 
GorsvUCH, W.LLIAM SCHROFIELD, Assistant Electrical Engineer, N. Y. С. 
& Н. R. К.К. Co, New York City. Mar. 29, 1907 
Gos.Lin, ERNEST Tuomas, Chief Electrical Engineer, Corporation Tram- 
ways, 46 Bath St., Glasgow, Scotland. May 19, 1903 
Goss, Howarp Dana, Tester, Western Electric Co., res.; 1536 Ogden Ave., 
Chicago, Ill. Sept. 28, 1906 
GoTTLIEB, PauL, Electrical Engineer, 677 Golden Gate Ave., San Fran- 
isco, Cal. Aug. 25, 1905 
GouGH. CALE Ковевт, Editorial Staff, Street Railway Journal, 1139 
Moradrock Bullding, Chicago, Ill. Dec. 28, 1906 
GovcH, Epcar W., Engineer, J. G. White & Co., Pottsville, N. Y. 
Feb. 26, 1904 
GovcH, Harry EUGENE, Assistant in Office Mechanical Engireers, Penn. 
R. R. Co., res.; 2406 Maple Ave., Altoora, Pa. Jan. 9, 1901 
Сосір, CHaRLES M., Treasurer, Gould Storage Battery Co., 341 Fifth 
Ave., New York City; res., Bayside, L. I. Jan. 29, 1904 
Сосір, Epwarp FREDERICK, Electrical Engineer, Aurora, Elgin & 
Chicago Railway Co.,.Wheaton, Ill. sept. 25, 1903 


Сосір, THEODON, JR., Electrician, Electric Engineering Dept., Public 
Buildirgs; res., 17 Wigglesworth St., Boston, Mass. Jan. 26, 1906 
Сосір, WILLIAM S., Vice-president ard General Manager, Gould Storage 
Battery Co., 341 Fifth Ave., New York City. Jan. 29, 1904 
GRACE, SERGIUS P., Chief Engineer, Central District and Printing Tele- 
graph Co., Pittsburg, Pa. Mar. 27, 1908 


GRADOLPH, WILLIAM FREDERICK, JR., Chief Engineer, American Electric 
Co., 8064 Chestnut St., St. Louis, Mo. Jan. 23, 1903 
GRAHAM, FRANK WALDRON, Superirtendert of Corstruction, Department 
of Electricity, Jamestown Exposition, Norfolk, Va. Apr. 26, 1907 
GRAHAM, WILLIAM P., Professor of Electrical Engineering, Syracuse Uni- 


versity, Syracuse, N. Y. Jan. 24, 1902 
GRALING, VERNEY, Electrician, Niagara Falls Power Co.; res., 1104 Ferry 
Ave., Niagara Falls, N. Y. Aug. 22, 1902 
GRANBERY, JULIAN H., J. G. White & Co., 43 Exchange Pl., New York 
City. Aug. 5. 1896 


GranT, Louis T., Consulting Engineer, 68 Dulumbayan, Manila, Р. I. 
Nov. 22, 1899 


GRANT. OLIVER Remick, Asst. to Electrical Engineer, Safety Insulated 


Wire & Cable Co., Bayonne, N. J. Mar. 28, 1902 
GRANT, WILLIAM WRIGHT, Manager, American Corduit Co., 140 Nassau 
St., New York City; res., Englewood, N. J. June 21, 1907 


GRAUTEN, SYLVESTER HENRY, Assistant, Massachusetts Irstitute of 
Technology; res., 9 St. James Ave., Boston, Mass. Sept. 28, 1906 


GRAVES, CARLETON AvucGustus, Electrical Engineer, Edison Building, 
Pearl St., Brooklyn. Mar. 27, 1903 


Graves, GEorGE Harrison, Mechanical and Electrical Engineer, U. S. 
Treasury Dept., New York City. Jan. 29, 1904 


Gray, AINSLIE ALEXANDER, Assistant Editor, Electrical Review, 13 Park 
Row, New York City, Aug. 22, 1902 
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GRAY, ALEXANDER MILLER, Engineering Officer, Bullock Electric Mfg. Co., 


Cincinnati, О. Sept. 28, 1906 
GRAY, CHARLES FREDERICK, Superintendent of Construction, Caradian 
Westinghouse Co., Hamilton, Ont. Dec. 19, 1902 
Gray, CLYDE D., Assistant in Electrical Department, J. G. White & Co., 
43 Exchar ge Pl., New York City. Apr. 25, 1902 
Gray, Epwanp Wry trys TayLor, Continental Insurance Co., 46 Cedar 
St., New York City. Jan. 3, 1902 


Gray, GEORGE EVERARD, Gray Electric Co., Leavenworth, Kan. 
Feb. 24, 1905 


Gray, Latimer D., Electrical Engineer, Union Pacific Coal Co., Rock 


Springs, Wyo. Feb. 27, 1903 
Gray, Maurice LELaAnp, Engineering Department, Union Switch and 
Sigral Co., Swissvale, Pa. Sept. 28, 1906 
GRAY, OWEN HERRICK, Consulting Electrical Engineer, 320 Dooly Block, 
Salt Lake City, Utah. May 14, 1906 
Gray, Percy, 76 W. 131st St., New York City. Feb. 23, 1906 
Gray, Roy WiLLIAM, Engineering Dept., Pacific Telephone & Telegraph 
Co., Portland, Ore. Nov. 20, 1903 


Gray, VANCE I., Engineer and Salesman, The F. Bissell Co., Toledo, O. 
Feb. 27, 1903 
GREEN, ALFRED, Brooklyn Heights R. R., 168 Montague St.; res., 111 


Columbia Heights, Brooklyn, N. Y. Mav 15, 1905 
GREEN, CHARLES MAXWELL, Engineer on Brush Arc Dynamos, General 
Electric Co., 94 Beacon Hill Ave., Lynn, Mass. Feb. 28, 1902 


GREEN, FreD. J., Electrical and Mechanical Engireer, Springtield Troy 
& Piqua Railway Co., Bushnell Bldg., Springtield, О. Apr. 23, 1903 


GREEN, GEORGE Ross, Engineering Dept., Philadelphia Electric Co., 


10th and Chestnut Sts., Philadelphia, Pa. Apr. 23, 1903 
GREEN, HEaTLEY, Massnick Mfg. Co., 1567 River St.; res., 42 Woodland 
Terrace, Detroit, Mich. Dec. 18, 1903 
GREENE, Francis Vinton, Vice-Presider.t, О tario Power Co., Fidelity 
Buildi: g, Buffalo, N. Y. Jure 21, 1907 
GREENE, GEORGE DE BOKETON, Engineering Expert, E. H. Rollins and 
Sors, 19 Milk St., Boston, Mass. May 14, 1906 
GREENLEAF, LEwis STONE, General Superintendent. Hudson River Tele- 
phone Co., Albany, М. Y. Aug. 5, 1896 


GREGORY, JouN Рссн, Engireer, Power апа Lighting Department, The 
British Thomson-Houston Co., Ltd., Rugby, Erg. Sept. 25, 1903 


GRESHAM, WirLLIAM ANbREW, Chief Dyramo Man, Georgia Electric Co.; 
es., 474 So. Pryor St., Atlanta, Ga. Apr. 22, 1904 


GREVATT, FRANK FROMMEL, Electrical Ergireer, Crocker-Wheeler Co., 
Ampere; res., 291 Sprirg St., W. Hoboken, N. J. May 15, 1905 
Grey, Lewis VALENTINE, Operator, Baker Light and Power Co., Baker 


City; res., Haines, Ore. Dec. 15, 1905 
GRIER, ARTHUR Gorpon, Ergireer, Wescott & Grier, Merchants’ Bank 
Building, Montreal Que. July 19, 1904 
GRIFFEN, Joux D., Invertor, Electric Corduit and Electric Signaling 
Apparatus, 82 Wall St., New York City. Aug. 13, 1897 


GRIFFES, EuGENE V., Oceanside Electric & Gas Co., Oceanside, Cal. 
Feb. 26, 1896 


GRIFFIN, Tuomas Іл.оҮр, Agent, General Electric Co., Wilkesbarre, Pa. 


Apr. 22, 1904 
GRIFFITH, PERCY Le Roy, Electrical Engineer, New York Telephone Co., 
18 Cortlandt St., New York City. Dec. 19, 1902 
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GRISSINGER, Erwoop, Engineer, The Cataract Power & Conduit Co., 718 


Fidelity Building, Buffalo, N. Y. Mar. 28, 1902 
GROSVENOR, GRAHAM B., Otis Elevator Co., 17 Battery Pi.; res., 126 W. 
12th St., New York City. Jan. 25, 1907 
Grove, Epmunp Рниияр, Chief Engineer, Central London Railway, Cax- 
ton Road, Skepkerd’s Bush, Lor.don W., Eng. Mar. 24, 1905 
GROVER, WILLIAM HARLEY, Superintendent of Fires, Light and Power, 
Iowa State College, Ames, Iowa. Mar. 1, 1907 
GuDEMAN, Leo, 170 E. 93d St., New York City. Feb. 26, 1904 
GUERRERO, JuLio, Associated, with the Durango Electric Light Co., 
Rere:as, 97 Durango, Mex. Apr. 25, 1900 
GuGLER, J. H., Presidert, Gugler Electric Mfg. Co., 223 5th St. South; 
res., 2624 Garfield Ave., Minneapolis, Minn. Aug. 25, 1905 
GUINLE, Epwarp, Electrical Engineer, 55 Rua do Ouvidor, Rio de Jan- 
eiro, Brazil. Mar. 27, 1903 
GUIRKIN, CHARLES, Vice-president and General Manager, Elizabeth City 
Telephone Co., Elizabeth City, N. C. Nov. 24, 1905 
GuLicK, Ray ALEXANDER, Assistart to Chief Ergireer С. H. Hollev, 
Mourt Whitrey Fower Co., Visalia, Cla. Jure 21, 1907 
Gvruiıck, RAYMoNpD W., Electrical Draftsman, U. S. Navy Yard; res., 44 
Fort Greene P1., Brooklyn, N. Y. Jan. 25, 1907 
Gump, WALTER BINKERD, Electrical and Mechanical Engineer, 2510 
Juliet Ave., Los Angeles, Cal. Nov. 20, 1903 
GuNN, RoBErT T., General Manager, Lexington Railway Co., Lexington, 
Ky. Feb. 23, 1906 
GuNTER, EMiL, Chief Engireer, Winnebago Traction Co., Oshkosh, Wis. 
Feb. 23, 1906 

GUTBROD, FRIEDRICH WILHELM, Engineer, Attaché to German Embassy, 
11 Broadway, New York City. Feb. 27. 1903 

Guy, GEoRGE HELI, Secretary, The New York Electrical Societv, 29 W. 
39th St., New York City. May 16, 1893 

Haar, Sevsy, Ergireer, Ger eral Electric Co.; res., 201 Victory Ave., 
Scl er ectadv, N. Y. jure 21, 1907 

Haas, Henry CHARLES, Operating Department, Electric Storage Battery 
Co., 100 Broadway, New York City. Mar. 23, 1906 
HaBERLy, JAMES Hacer, Salesman, Fort Wayne Electric Works, Fort 
Wayre, Ird. Apr. 27, 1906 
Hackett, CHARLES Marcus, Electrical Engineer, N. Y. C & H.R. R.R.; 
137 Washington St., Mt. Verron, N. Y. Feb. 23, 1906 


Happock, Morton WEBSTER, Supervisor of Maintenance, N. E. Tele- 
phoreard Telegraph Co.. 119 Milk St., Boston, Ma:s . Mar. 29, 1907 


HaicurT. Lovis Henry, Westinghouse Electric and Mfg. Co., 11 Pine St., 
New York City. May 19, 1903 


HaicHT, MoNROE GLEASON, Westchester Lighting Co., Mt. Verron, N. Y. 
July 25, 1902 


HatiGLER, WILLIAM Hope, Partner, Mosley-Haigler Electric Co., 216 Bibb 


St.. Montgomery, Ala. Jure 19, 1903 
Haines. EpwarbD L., Electrical Engineer, J. б. White & Co., 43 Excharge 
Р1.; res., 158 W. 46th St., New York City. Feb. 23, 1906 
Haisuip, К. A., Telephore Engireer, 204 Sherwood Ave., Staur ton, Va. 
Apr. 26, 1907 

Haccerty, Henry Davin, Asristant Foreman of Station Corstruction, 
New York Edison Co., New York City. Sept. 28, 1906 
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Нлкомѕом, Cart Hanarp, Electrical Engineer, Allmanna Svenska E. 
, Westeras, Sweden. Sept. 25, 1895 


HALCOMBE, WALTER PEARCE, Ergireer ard Salesman, Frank Adam Elec- 
tric Co.; res., 5700 Bartmer Ave., St. Louis, Mo. Sept. 28, 1906 


Havpy, PREDERIGK GEORGE, Yale ard Towne Mfg. Co., Stamford; res. 


Glenbrook, Conn. June 21, 1907 
Hae, ROBERT SEVER, Assistant to Gen. Supt., Edison Electric Ill. Co. 
of Boston, 925 Boylston St., Boston, Mass. Aug. 25, 1905 


Have, WiLLiAM BuELL [Local Hon. Secretary], Gen. Mgr., Mexican Tel. & 
Tel. Co., Arco de San Agustin 8, City of Mexico. Apr. 22, 1904 
HALL, CLARENCE MORTIMER, Teacher of Physics and Electricity, Manual 


Training School No. 1, Washington, D. C. Mar. 28, 1902 
Hatt, Davip, Assistant Chief Engineer, Bullock Electric Mfg. Co., Cin- 
cinnati, O. Mar. 27, 1903 
HaLL, Epwarp J., Vice-president and G. M., American Telephone and 
Telegraph Co., 15 Dey St., New York City. Apr. 18, 1893 
HarL, EbwiN CHAMBERLAYNE, Manager, Gray Natioral Telautograph 
Co.; res., 317 North Craig St., Pittsburg, Pa. Jan. 25, 1907 


Hau, FREDERICK A., Ingersoll-Rand Co., 11 Broadway, New York City. 
Aug. 23, 1899 


HALL, FREDERICK JAMES, Assist. to General Manager, The India Rubber 
and Gutta Percha Insulating Co., Yonkers, N. Y. May 19, 1903 


Нлл, GayLtorp Ско$ЕТТЕ, Electrical Superintendent, Interborough 
Rapid Transit Co., New York City. Mar. 1, 1907 


HarL, GeorGE RayMmonp, Assistant Engineer, Westinghouse, Church, . 
Kerr & Co., 10 Bridge St., New York City. Apr. 26, 1907 


HarL, Harriott CURTIS, Тыр И General Electric Со. ; res., 
602 Union St., Schenectady, X June 28, 1901 


Нлл, Harry Үоомс, JR. Assistant Electrical Engineer, Southern 
Pacific Co., 1110 Flocd Bldg., San Francisco, Cal. Mar. 27, 1903 


HALL, e Нооснтом, Sales Engireer, Electric Controller and Supply 


о.; res., 350 Genesee Ave., Cleveland. О. Jan. 27, 1905 
HALLBERG, J. H., Consulting Engineer, 30 Greenwich Ave., New York 
City. Aug. 23 1899 
HALLER, WINFIELD A., Engineer, Sanderson & Porter, 52 William St., 
New York City. Sept. 25, 1903 


HarLoRAN, Harry RICHMOND, Townsville, Queensland. May 14, 1906 
HALLSWORTH, HERBERT MorTLock, Draughtsman, Western Electric Co.; 


Chicago; res., Riverside, Ill. Jan. 27, 1905 
Harskvy, Henry, General Manager, Halsey Electric Generator Co., 400 
Claremont Ave., Jersey City. July 28, 1903 
HAMBLIN, MERTON OGILvA, Repairman, Commonwealth Power Co., 620 
Grace St., Kalamazoo, Mich. Dec. 28, 1906 
HAMBURGER, Max, Ph.D., Electrical Engineer, Union Electricitats- 
Gessellschaft; res., 8 Pariser St., Berlin, Ger. July 28, 1903 
HAMERSCHLAG, ARTHUR A., Director, Carnegie Technical Schools, 313 
Sixth Ave., Pittsburg, Pa. Mar. 25, 1896 
HAMILTON, GEORGE WELLINGTON, Assistant Engineer, Consolidated Ry.; 
res., 404 Howard Ave., New Haven, Conn. Jan. 23, 1903 
HaMiLToN, Носн ре Coursey, Sales Ergireer, Crocker-Wheeler Co., 
1315 North American Building, Philadelphia. Jan. 25, 1907 
HaMiILTON, Isaac, Master Signal Electrician, Signal Corps, U. S. Army, 
Ft. McHenry, Md. Jan. 27, 1905 
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HAMILTON, JAMES, Patent Law Specialist, 31 Nassau St., New York City; 


res., Lincoln Ave., Orange, N. J. Nov. 23, 1898 
HAMILTON, Jonn, Chief Electrician, Boston Elevated Railway Co., 555 
Harrison Ave., Boston, Mass. jure 14, 1902 
HAMILTON, RALPH BERGEN, Manager, The Packard Electric Co., Ltd., 
St. Catharines, Ont. . Nov. 22, 1901 
HAMMATT, CLARENCE S., Vice-president Florida Electric Co., Jackson- 
ville, Fla. Sept. 20, 1893 
HAMMOND, Joun Woops, Superintendent, Light, Water ard Sewerage 
Commission, Griffin, Ga. Oct. 27, 1905 
HAMMOND, LYMAN PIERCE, Sales Manager, Denver Engineering Works, 
Denver, Colo. Mar. 27, 1903 
HAMNER, CHARLES SUTHERLAND, Engineer and Contractor, Cuba 58, 
Havana, Cuba. Dec. 23, 1904 
HAMPSON, RICHARD BENJAMIN, Salesman, General Electric Co.; res., 20 
Rogers Ave., Lynn, Mass. Apr. 23, 1903 
Hancock, L. M., Consulting Electrical Engineer, Fortuna Lighting Co., 
Fortuna, Cal. May 19, 1891 
Hancox, SAMUEL HERBERT, Electrician, Queensland Government Rail- 
ways, North Ipswich, Queensland, Aus. Sept. 25, 1903 
Намро, WILLIAM, Engineer, General Electric Co., 816 Wainwright Build- 
ing; res., 727 Walton Ave., St. Louis, Mo. Apr. 23, 1903 
HANKER, FRED, CHARLES, Designing Engineer, Westinghouse Electric 
and Mfg. Co., Pittsburg, Pa. Jan. 27, 1905 
Hanks, MARSHALL, WILFRED Engineer, 216 Langdon St., Madison, Wis. 
Jan. 3, 1902 
Hanna, Max Ross, Electrical Engineer, General Electric Co., Schenec- 
tady, N. Y. Apr. 23, 1903 
Hanscom, Perry THEODORE, Engineer, Curtis & Hine, Giddings Build- 
ing, Colorado Springs, Colo. Mar. 27, 1903 
Hanscom, WM. W., Chief Electrical Engineer, Union Iron Works, 848 
Clayton St., San Francisco, Cal. Apr. 25, 1900 
Hansen, Vico, Engineering Department, New York Edison Co., New York 
City. a 14, 1906 
Hanson, ARTHUR JAMES, Lawrence & Harson, 33 York St.; , Drum- 
moyne, Sydrey, М. S. W. Nov. 22, 1899 
Н лмѕѕЕМ, Ivan Eivinn, Electrical Engineer, Stanley G. I. Electric Mfg. 
Co.; res., 27 Willis St., Pittsfield, Mass. Jan. 25, 1907 
HARDER, EDWIN PARTRIDGE, The Cataract Power and Conduit Co.; res., 
28 California St., Buffalo, N. Y. Apr. 23, 1903 
HARDING, CHARLES FRANCIs, Stone & Webster, 84 State St., Boston, 
Mass. Jan. 26, 1906 
HanpiNc, Н. McL., 20 Broad St., New York City. May 24, 1887 
Harpy, CarL EnNEsT, Master Electrician, Department construction ard 
repair, Navy Yard, Mare Islar.d. Dec. 27, 1899 


HARISBERGER, JOHN, Seattle, Tacoma Power Co., Seattle, Wash. 
May 20, 1902 
HaRKNESS, WILLIAM Epwarp, Telephone Engineer, Western Electric 
Co.; 463 West St., New York City. sept. 28, 1906 


Harvey, EDWARD A., oe Se 3d District, New York 
Edison Co., 173 107th St., New York City. Mar. 23, 1906 
HanLow, GEoncz, British Westinghouse Electrical and Mfg. Co., Ltd., 
Ashwood, Timperley, Cheshire, Eng. Mar. 1, 1907 
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Harper, HERBERT Rean, City Electrical Engineer, Melbourne City 
Council, -Town Hall, Melbourne, Victoria. june 19, 1903 


HARPER, WALTER ANDREW, Consulting Engineer, Harper Brothers & 
Co.; res., 13 St. Helen's Pl., E. C., London, Eng. Feb. 23, 1906 


HARRIES, GEORGE HERBERT, Vice-president, The Washington Railway 


and Electric Co., Washington, D. C. June 19, 1903 
HARRINGTON, ALFRED Lewis, Erecting Engireer, Gereral Electric Co., 
1508 Park Building, Pittsbury, Pa. Jure. 21, 1907 
HARRIS, CHARLES ORRIN, Engineer, Utah Independent Telephone Co., 
Sait Lake City, Utah. Sept. 25, 1903 
Harris, Fonp WHITMAN, Engineer, Westinghouse Electric and Mfg. Co.; 
res., 318 Rebecca St., Wilkinsburg, Pa. Feb. 23, 1906 


Harris, GEoRGE H., Superintendent of каеры Birmingham Railway 
Light and Power Co., Birmingham, Jure 20, 1894 


Harris, Epson SHEPPARD, Salesman, Dolier Engireering Co., 119 South 


llth St., Philadelphia; res. Swartl more, Fa. Jure 21, 1907 
Harris, GRENVILLE A., Electrical and Mechanical Engineer, Takata & 
Co., 60 Wall St., "New York City. Oct. 25, 1901 
Harris, HENRY CHARLES, Electrical Inspector, Ohio Inspection Bureau, 
res., 318 East State St., Columbus, O. Apr. 28, 1905 
Harris, JAMES WILFRID, Puet Dominion Iron & Steel Co., Ltd., 
Sydney, N. S. Can. Oct. 28, 1904 
Harris, Max, General Sales Manager, Nernst Lamp Co., Pittsburg; res., 
1127 Sheffield St., Allegheny, Pa. Mar. 1, 1907 
Harris, Рнплр Howanp, Erecting Engineer, Westinghouse Elec. Mfg. 
Co., Baltimore, Md. Feb. 23, 1906 
HARRIS, SAMUEL CLARK, in charge of Storage Batteries, New York Ed- 
ison Co., 47 W. 26th St., New York City. May 19, 1903 


Harris, WILLIAM WooDsoN, [к California Powder Works, Pirole, Cal. 
Nov. 25, 1904 


HARRISON, Burt SvrvaNvus, Consulting Engineer, 11 E. 24th St.; res., 


442 Lexington Ave., New York Cit v. Jure 19. 1903 
Harrison, James, Chief Engineer, The Kinloch Telephore Co., Kirloch 
Building, St. Louis, Mo. Apr. 23, 1903 
Harrison, О. L., Construction Engireer Electric Storage Pattery Co., 
14€0 Association Building, Chicago, Ill. June 21, 1907 
Hart, A. STUDLEY, Special Solicitor, Putnam Light and Power Co., In- 
dustrial Trust Bldg., Providence, R. I. Sept. 28, 1906 
Hart, Harry U., Chief Engineer, Caradian Westinghouse Co., 57 CFa:lton 
Ave., Hamilton, Or t. Jure 21, 1907 
Hart, Percy E., Electrical Engineer, Canadian General Electric Co., 14 
King St. E., Toronto, Ont. Sept. 25, 1903 
Hart, WALTER SCUDDER, Erecting Engineer, Electric Storage Battery 
Co., 1400 Association Building, Chicago, Ill. Oct. 26, 1906 


HARTER, Bret, 1123 Schofield Building, Cleveland, О. July 26, 1900 


HARTMAN, GEORGE, Superintendent of Electric Power House, Hurorian 
Co., Turbine, Ont. Sept. 28, 1906 


HARTMANN, Francis M., Instructor of Experimental Physics ard Elec- 
trical Measurements, Cooper Union, New York City. Sept. 26, 1902 


HARTRATH, ARMIN, with Geo. Р. Hutchins, 120 Liberty St.; res., 23 W. 


12th St., New York City. Dec. 28, 1906 
Harvey, DEAN, Electrical Engineer, Westinghouse Electric & Mfg. Co., 
Pittsburg, Pa. | Mar. 25, 1904 
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Harvey, GILBERT ALEXANDER, Electrical. Engineer, International Rail- 


way Co., Buffalo, N. Y. May 19, 1903 
Harvey, Ковьккт R., 20 So. Franklin St., Wilkesbarre, Pa. 
[Life Member.] Sept. 25, 1895 
Harvie, WILLIAM JAMES, Electrical Engineer, Utica and Mohawk Valley 
Ry. Co., Utica, N. Y. Apr. 23, 1903 
HASELDEN, Harry ARIEL, Electrical Engineer, The Whitin Machine 
Works, Whitinsville, Mass. Oct. 24, 1902 
HASELTON, PARKER HARVEY, Salesman, Fort Wayne Electric Works, 615 
Germania Life Building, St. Paul, Minn. Sept. 28, 1906 
HASHIMOTO, SENNOSUKE, Electrical Engineer, Osaka Electric Light Co., 
Osaka, Japan. May 15, 1905 
HASKELL, GEoRGE Myron, Selling Agent, J. G. Brill Co.; res., 32 Maple 
St., New Haven, Conn. May 19, 1903 
Haskins, WILLIAM EDGAR, Superintendent, Willimantic Gas and Elec- 
tric Co., Willimantic, Conn. Jan. 25, 1901 


HassLER, Cuas. Т. F., Uplandsgatan 7, Stockholm, Sweden. 
Oct. 24, 1900 
HasriNcs, Louis BRovNELL, Erecting Road Engineer, Stanlev Electric 


Mfg. Co., Pittsfield, Mass. | Oct. 23, 1903 
HarcH, Austin SMITH, Consulting Engizeer, Bullock Electric & Mfg. 
Co., Cincinnati, Ono. Sept. 26, 1902 
HarcH, BENJAMIN BRIGGS, Electrical Engineer, Public Buildings, Boston; 
res., 11 Sawyer Ave., Dorchester, Mass. Jan. 26, 1906 
HarcH, GEonGE Etwyn, 58 Florida Chambers, Ashmont, Mass. 
Jan. 26, 1906 

HaTHAWAY, }О$ЕРН D., JR., Superintendert, The Wire & Cable Co., Mon- 
treal, Que. Aug. 5, 1896 
HATzEL, J.C., Firm Hatzel & Buehler, 571 Fifth Ave.; res., 1231 Madison 
Ave., New York City. Sept. 3, 1889 
Havusricu, ALEX. MICHAEL, Electrical Ergireer, Stromberg-Carlson Tele- 
phone Mfg. Co., Chicago, Il. Apr. 26, 1901 
HavusMann, Ericu, Electrical Testing Laboratories, 556 E. 80th St.; res., 
234 E. 42d St., New York City. Jan. 26, 1906 
Hawkins, CHARLES Caesar, Electrical Engireer, H. Allen, Son & Co., 
Ltd.; res., 37 Corduit Road, Bedford, Eng. Nov. 20, 1903 
Hawkins, ELBERT ALLEN, Telephone Engineer, Western Electric Co., 
463 West St., New York City. Dec. 28, 1906 
HawkiNs, LAURENCE A., Engineer, Patent Department, Gereral Electric 
Co., Schenectady, N. Y. Jan. 23, 1903 


Hawkins, WILLIAM CLARK, General Manager and Secy., Hamilton Cata- 
ract Power Lt. Traction Co., Ltd., Hamilton, Ont. June 19, 1903 


Hawks, Н. D., Engineer, with General Electric Co., 44 Broad St., New 


York City. May 21, 1901 
HawxXHUuRST, ROBERT, JR. General Manager, Pcderosa Mining Co., 
Antcfagasta, Chili, S. A. sept. 22, 1905 
HAYDEN, ЈоѕЕРН Le Roy, Electrical Engineer, General Electric Co.; res., 
Wendell Ave., Schenectady, N. Y. Jan. 29, 1904 
HAYvDEN, VirGIL, Electrical Engineer, Frontier Telephone Co.; res., 26 
Laurel St., Buffalo, N. Y. Oct. 28, 1904 
Hayes, Ciirton RICHMOND, Electrical Engineer, Ludlow Mfg. Associates, 
Ludlow, Mass. June 19, 1903 
Hayes, JAMES EDWARD, JR., Assistant in Laboratory, Western Electric 
Co., New York City. | Mar. 27, 1903 
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Hayes, Jonn BanrLETT, Union Electric Light and Power Co., 3149 


Lccust St., St. Louis, Mo. June 19, 1903 
HAYLER, GEORGE ERNEST, JR., Superintendent Spring River Power Co., 
315 Mirers' Bank Building, Joplin, Mo. Feb. 23, 1906 
HaAYLLAR, BENJAMIN, JR., Westirghouse Electric ard Mfg. Co.; res., 123 
West Washington Lane, Germantown, Pa. Mar. 1, 1907 


Haynes, Lovis Henry Engineer, 3214 Vermon Ave., Chicago, Ill. 
Jan. 26, 1906 


Hays, GEorGe, 190 Belleville Ave., Bloomfield, N. J. Apr. 23, 1903 
Hays, Јонм СОЕЕЕЕ, President and Consulting Engineer, Mt. Whitrey 
Power Co., Visalia, Cal. Jan. 29, 1904 
HavwARD, NATHAN, General Contract Agent, Bell Telephone Co., Phila- 
delphia,. Pa. Aug. 25, 1905 
HazARD, Isaac PEACE, Peacedale, К. I. Mar. 29, 1907 
Hazard, WILLIAM JONATHAN, Assistant Professor Colorado School of 
Mires, Golden, Colo. Mar. 27, 1903 
Hazen, WILLIAM Pitt, Chief Engireer, Central Market Street Railwav 
Co., and C. L. and S. Ry., Columbus, O. Mar. 25, 1904 
HEALY, Louis W., Treasurer, East Liverpool Railway Co., East Liverpool, 
Ohio. June 26, 1891 


HEANY, JOHN ALLEN, Expert, Teter-Heany Developing Co., York, Pa. 
Oct. 25, 1901 
HeatH, Wittis HERBERT, Engineer and Draftsman, with C. O. Mail- 


loux; res., 9 Hanson Pl., Brooklyn, N. Y. Mar. 27, 1903 
HEAVENS, FRED Joux, Purchasing Agent, Pittsburg and Allegheny Tele- 
phone Co., Pittsburg, Pa. Mar. 29, 1907 
HEDENBERG, Ww. L., W. L. Hedenberg Publishing Co., 136 Liberty St., 
New York City. Nov. 21, 1894 
HEDGER, LESLIE ARTHUR, Sec.-Treas., Metropolitan, Structure Co., Irc. 
of S. F. Investors Building, San Francisco, Cal., Aug. 25, 1905 
Hepin, KaLeB, Electrical Engineer, Fuller-Wenstrom Electrical Mfg. Co., 
Walthamstow, Lordon E., Eng. Apr. 22, 1904 
HEFFERNAN, Joun T., President, Heffernan Engine Works, 108 Railroad 
Ave., Seattle, Wash. Nov. 24, 1905 
Hert, NATHAN Hopkins, Chief of Electrical Dept., N. Y. & N. H. H. 
К. R., Bridgeport, Conn. Aug. 23, 1899 
HEGEMAN, ANDREW S., Student, Polytechnic Institute; res., 7021 18th 
Ave., Brooklyn, N. Y. Nov. 23, 1906 
HEIDENRICH, Hans Epwanp, Designing Engineer, Siemensstr. 1, Karls- 
ruhe, Baden, Ger. Mar. 25, 1904 
HEILMAN, CHARLES JONES, Electrical Engineer, 935 Monaco St., 
Denver, Colo. Jan. 27, 1905 
HEINZE, JOHN O., Heinze Electric Co., Lowell, Mass. June 14, 1905 


HEIZMANN, Lewts ЈоѕЕРН, Assistart Treasurer ard Chief Engireer, Pern. 
Hardware Co.; res., 318 N. 5th St., Reading, Pa. July 26, 1907 


HELLEBUCK, GusTAVE J., Electrical Engineer, Moerbeke (Waes) Belgium. 
Apr. 25, 1902 

HELLER, Harvey Epcar, Superintendent, Bevney Traction Co., Sala- 
manca, N. Y. Apr. 28, 1905 


HELLICK, CHAUNCEY GRAHAM, 510 Northampton St., Easton, Pa. 
Jan. 26, 1898 


HeELLMUND, Вороірн E., Designing Engineer, Western Electric Co., 
Hawthorn; res., Hinsdale, Ill. July 28, 1905 
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HesrLwEc-FauNoi, Hans FREDERIK, 706 Coal St., Wilkinsburg, Pa. 
Mar. 29, 1907 


HEMINGWAY, ALBERT FRANKLIN, Sales Dept., Wellman-Seaver-Morgan 
Co., First National Bank Building, Chicago, Ill. Sept. 27, 1901 


HEMINWAY, CHARLES MERRITT, Treasurer ard Marager, Consolidated 
Engire-Stop Co., 130 E. 12th St., New York City. Mar. 24, 1905 


HEMPHILL, WILLIAM, Draftsman, Cataract Power & Conduit Co., 811 7th 


St., Buffalo, N. Y. june 15, 1904 
HENDERSON, ALEX., Electrician, Sprague Electric Co.; res., 122 W. 103d 
St., New York City. Nov. 30, 1897 
HENDERSON, CLARK TRAVIS, Salesman, Cutler Hammer Mfg. Co., Mil- 
waukee, Wis. Mar. 25, 1904 
HENDERSON, Henry Banks, Secretary and Treasurer Riverside Fourdry 
& Machine Works, Riverside, Cal. May 21, 1895 
HENDERSON, JOHN STEELE, JR., Salesman, W. E. & M. Co, Calvert 
& Baltimore Sts., Baltimore, Md. Dec. 23, 1904 
HENDERSON, RoBeRT H., Superintendent, Westinghouse Lamp Co., 
Lloomfield, N. J, Jan. 23, 1903 
HENDERSON, Roy MANWARING, Engireer, Store & Webster, Er gireerirg 
Corporation, 84 State St., Boston, Mass. Jure 21, 1907 
HENDREY, W. R., Salesman, Stanley G. I. Electric Mfg. Co., 410 Coleman 
Building, Seattle, Wash. May 15, 1905 
HENDRICKSON, EvEeRETT House, Mare Island Navy Yard; res., 538 
Georgia St., Vallejo, Cal. Nov. 24, 1905 
HENDRY, WILLIAM Ferris, Factory Engineer, Western Electric Co., 463 
West St., New York City. Apr. 23, 1903 
HENNINGER, PHILIP EpGar, Westinghouse Electric and Mfg. Co., 2072 
Military St., Port Huron, Mich. Apr. 28, 1905 
HENRY, ARTHUR ROBERT, Ross & Holgate, 80 Francois Xavier St., Mon- 
treal, Que. July 28, 1903 
Henry, ARTHUR SEYMOUR, Construction Department, Western Electric 
Co.; res., 634 E. 139th St., New York City. Jan. 25, 1907 
Henry, GeEorGE CriNTON, District Manager, Bullock Electric Mfg. Co., 
Atlanta, Ga. Jan. 3, 1902 
Henry, GEorGE J., Jr., Engineer, The Pelton Water Wheel Co., 19th ard 
Har:1son Sts., San Francisco, Cal. Apr. 27, 1898 
Henry, Ira Watton, Electrical Engineer, 149 Broadway, New York 
City. | Мау 21, 1901 
HENRY, SIDNEY MoncaNw, Assistant Naval Constructor U. S. Navy, Mare 
Island, Cal. May 14, 1906 


HENSHAW, ARTHUR WILLISTON, 750 Nott St., Schenectadv, N. Y. 
Dec. 28, 1906 


HERBERT, EDWARD, Western Electric Co., 259 South Clinton St.; res., 111 


Loomis St., Chicago, Ill. Oct. 24, 1902 
HERMAN, JoskEPH W., Inspector, Switchhoard Drafting Departmer t, 
Ger eral Electric Co., Scherectady, N. Y. Mar. 29, 1907. 
HERON, CHARLES ALEXANDER, Draftsman, Indianapolis Traction & Ter- 
minal Co., Indianapolis, Ind. Sept. 28, 1906 
Herr, Epwin M., First Vice-president, Westinghouse Electric ard Mfg. 
Co., Pittsburg, Pa. Jan. 25, 1907 
Hnzoc, Joser, Chief of Installations Department, Ganz & Co., V. Elisa- 
bet platz, 1 Budapest, Austria-Hur gary. Jan. 3, 1902 
HeEsKETH, Joun, Chief Electrical Engineer, Postmaster Gereral's Depart- 
ment, Melbourne, Victoria. May 21, 1901 
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Hess, Aporro С. В., via Principe Amedeo 22, Torino, Italy. 
Nov. 20, 1903 


Hess, Herbert H., Assistart in Trarsformer Eng'g Departmert, Gereral 


Electric Co., Scherectady, N. Y. Apr. 23, 1903 
Hess, WILHELM, Compagrie d’Electricite Alirth, Basel-Mur cl erstein, 
Switzerlar d. Jure 21, 1907 
Heston, CrnanrEs Erisua, District Ergireer, U. S. Signal Corps, Port 
Townsend, Wash. May 15, 1905 
Hewett, Joun Rince, Engireer, Railway Engireering Departmert, Gen- 
eral Electric Co., Schenectady, N. Y. Mar. 1, 1907 
Hewitt, Cuar_es E., President, C. E. Hewitt & Co., Park Row Building, 
New York Cit y. Sept. 25, 1895 


Hewitt, JOHN MARSHALL, Student, Cornell University, Ithaca, N. Y. 
May 14, 1906 


Hewitt, WirLiAM R., Chief, Department of Electricity, City Hall Court, 
San Francisco, Cal. May 15, 1894 


Hewitt, Howanp Bearcey, 249 E. Logan Sq.. Pailadelphia, Pa. 
Apr. 26, 1997 
HEWLETT, EpwarpD M., Engineer, General Electric Co.; res., 27 University 


P1., Schenectady, N. Y. May 19, 1891 
Heywoonp, JAMES, Assistant Superinterdent, Philadelphia Rapid Trarsit 
Co., 820 Dauphin St., Philadelphia, Pa. Dec. 23, 1904 
HiBBARD, TRUMAN, Secretarv ard Treasurer, Electrical Machirery Co.; 
res., 4816 Penn. Ave. S., Minneapolis, Minn. June 15, 1904 
Hickok, FREDERICK S., Electrical Engireer, Case Manufactunrg Co., 
824 Marquette Building, Chicago, Hl. Apr. 23, 1903 
Hicks, Trroomas Norman, Assistant Electrical Engineer, Brooklyn Edison 
Co.; res., 67 Gates Ave., Brooklyn, N. Y. Mar. 23, 1906 
HicGiNs, WARREN SNEDEN, Western Electric Co., New York City; res., 
12 Seventh Ave., Brooklyn, N. Y. June 14, 1905 


HiLBERT, ALFRED, Draftsman, 218 E. 11th St., New York City. 
Apr. 22, 1904 
HivBorn, Davip Sipney, Cable Tester, Bell Telephone Co.; res., 2146 
N. 12th St., Philadelphia, Pa. May 14, 1906 
Hirp, FREDERICK WALDORF, Consulting Engineer, Dubuque, Iowa. 
Oct. 28, 1904 
HILDBURGH, WALTER L., St. Ermin’s Hotel, Westminster, London, Eng. 
Dec. 28, 1898 


HILDEBRANDT, HENRY A., St. Peter, Minn. Apr. 28, 1905 
HILL, ARTHUR St. Joux, Studert, l'olvtechric Institute of Brooklyn, 
N. Y.; res., Norwalk, Conn. Jure 21, 1907 
HirL, CHARLES B., Vice-president ard Manager, Cooper-Hewitt Electric 
Co., 111 Broadway, New York City. May 15, 1905 
Нит, FREDERICK WARREN, Chief Engineer, Phoenix Electric Mfg. Co., 
Mansfield, Ohio. June 14, 1905 


Hitz, G. Henry, 1540 Urion St., Schenectady, N. Y. Jan. 25, 1899 


Нил, GEorGE УУпллАМ, Engineer, Electric Storage Battery Co., 60 State 
St., Boston, Mass. Jan. 29, 1904 


Hitt, Нлгвект PauL, 609 W. 137th St., New York City. Aug. 17, 1904 
Hitt, Marcorm Wescort, Electrical Engineer and Contractor, 405 


Courtland St., Baltimore, Md. Feb. 24, 1905 
Нил, Nicuoras S, JR., Consulting Engineer, 100 William St., New 
York Cit y. Aug. 5, 1896 
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Hirr, Roy W., Patent Attorney, 1463 Monadnock Block, Chicago, Ill. 


| Oct. 27, 1905 
Ниг, W. H., Assistant Superintendent, Con. Dept., New York Edison 
Co., New York City. Aug. 17, 1904 
HirL, JosEPH S., Chief Ergireer Departmer.t of Interior, &th ard E Sts., 
М. W., Мах! irgtor, D. C. Apr. 26, 1907 
Hitt, THomas A., Corsulting Engireer, ard Attorrey 170 Broadway, 
New York City. June 21, 1907 
HiLL, WILLIAM AMEAL, Electrician, Fope Motor Car Co., 1544 Macomter 
St., Toledo, O. jure 21, 1907 
HirLiARD, Frank Wyman, General Electric Co., Chicago, Ill. 
Dec. 15, 1905 
HILLIARD, JOHN D., Jr., Electrical Engineer, Hudson River Water Power 
Co., Glers Falls, N. Y. june 19, 1908 
HirLiARD, Tuomas WILLIAM NICHOLLS, Engineer, Canadian General 
Electric Co., 178 Hollis St., Halifax, N. S. Mar. 27, 1903 
HiLLMAN, Н. W., Morton House, Detroit, Mich. jan. 3, 1902 
HirLLMAN, WILLIAM BENNETT, Superintendent of Construction, U. S. 
Reclamation Service, Natchez City, Wash. Mar. 1, 1907 
HiwpERT, EpwiN GEoncEÉ, Chief Mechanical and Electrical Engineer, 
C. & S. W. Traction Co., Elyria, Ohio. Nov. 20, 1903 
HINRICHSEN, Epwarp E., Telephore Engineer, Western Electric Co., 
CLicago, Ill. Jure 21, 1907 
Hirokawa, ToMoKIcul, Chief Engineer, Kyoto Electric Light Co., Kyoto, 
Japan. Dec. 18, 1903 
HIRSHFELD, CLARENCE FLoyp, Assistant Professor. of Power Engineering, 
Cornell University, Ithaca, N. Y. Feb. 24, 1905 
Hiss, WirLiAM JacoB, JR., New York Telephore Co., 15 Dey St.; res., 
357 W. 115th St., New York City. Apr. 26, 1907 
Hitzerotn, L. D., Engineer, Century Electric Co., 18 Fell St., San Fran- 
cisco, Cal. July 26, 1900 
Hixon, ArrnED, J., with E. C. Lewis, 121 Federal St., Boston, res., 
Braintree, Mass. jure 21, 1907 
Hixson, CLINTON JEROME, Railway Engineering Equipment Dept., Gen- 
eral Electric Co., Schenectady, N. Y. Nov. 21, 1902 
HOoADLEY, GeorGE A., Professor of Physics, Swarthmore College, Swarth- 
more, Pa. May 19, 1903 
Hoac, Geo. M., Cherryvale Electric Light & Power Co., Cherryvale, Kan. 
Apr. 28, 1897 
НОАС, SrEPHEN Asa, Electric ard Hydraulic Engineer, Oregon Short 
Lire Railway Co., Salt Lake City, Utah. Dec. 15, 1905 
Hoar, WILLIAM JoHN, Marager, American Telephone and Telegraph Co., 
Troy; res., 925 3d Ave., Upper Troy, N. Y. Oct. 28, 1904 
HOBBLE, ARTHUR Casson, Cauvery Falls Power, Scheme Livasamudram 
Mysore Prov., India. Mar. 27, 1903 
Hosss, Henry Wesster, Electrical Engineer, U. S. Engineers’ Office, 
Portlard, Me. Mar. 24, 1905 
HoBEIN, CHARLES Aucustus, JR., Electrical Department, United Rail- 
ways Co., St. Louis, Mo. June 19, 1903 
НорсЕ, CHARLES, Salesman, Westinghouse E. & M. Co., National Bank 
of Commerce Building, St. Louis, Mo. Mar. 28, 1902 
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НорсЕ, RoBERT WALTER, President Hodge-Walsh Elec. Eng'g Co.; res., 


3528 Central St., Kansas Citv, Mo. Jan. 23, 1903 
HopcEs, GEeEoncE Hanwoop, Electrical Engineer, The New York Tele- 
phone Co., 15 Dey St., New York City. Apr. 23, 1903 
Норсеѕ, WitLiAM Lemmon, Engireering Department, Southern Bell Tel. 
& Tel. Co., Atlanta, Ga. Apr. 26, 1901 
Норскімѕом, Francis, Mechanical Engineer, The Westinghouse Machine 
Co., East Pittsburg, Pa. May 20, 1902 


Норсѕом, CEcirL, Electrical Engineer, 106 75th St., Chicago, Ill. 
Sept. 26, 1902 
Hopcson, JosepH Ernest, Engineer, United Gas Improvement Co., 


Philadelphia, Pa. | Apr. 23, 1903 
HoEFTMANN, ALEXANDER О, Superintendent of Electric Cable Works, 
American Steel and Wire Co., Worcester, Mass. May 19, 1903 
Ноем, Wirr Mark, Comania Minera Las Das Estrellas, Tlalpujahua, El 
Oro, Mexico. Jan. 26, 1906 
Horr, CHRISTOPHER, JR., Electrical Ergireer, Lee ard Hoff Manufactur- 
ing Co.; res., 213 Aurora Ave., St. Paul, Minn. Jure 21, 1907 
Horr, Ear, Восвіє, Electrician, Ft. Wayne Electric Co., Ft. Wavne, 
Ind. Jure 21, 1907 
HorrMAN, ARTHUR HENRY, Instructor in Physics and Electrical Engi- 
neering, Iowa State College, Ames, Iowa. Apr. 27, 1906 
HorrMaN, FRANK, Electrical Engineer, Owl Creek, Mo. Sept. 25, 1903 
HoFFMAN, WiLLIAM Levi, Electrical Engineer, Columbia Improvement 
Co.; res., 404 No. G St., Tacoma, Wash. Oct. 23, 1903 
HorrMANN, BERNHARD, New York Telephone Co., 15 Dey St., New York 
City. Nov. 23, 1898 
HOFFMEISTER, FREDERICK, Erecting Engineer, Canadian General Electric 
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Јонхѕтом, RicHarp Harry, Advertisirg Marager, White Sewing Ma- 


chine Co., 1402 Broadway, New York City. Oct. 24, 1902 
Jounston, Tuos. J., Counsel in Patent Causes, 11 Pine St., New York 
City. May 16, 1899 
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Joiner, WiLLIAM Norvat, Superintendent, San Marcos Electric Light 


and Power Co., San Marcos, Texas. Feb. 23, 1906 
Јоу, Joun MacCarrvuM, Electrical Ergireer, Noyes Bros., Samson's 
Building, 75 Barrack St., Perth, Australia. Oct. 24, 1902 
JOLLYMAN, Josian PICKARD, Electrician, Califorr.ia Gas ard Electric Cor- 
poration, Cupertiro, Cal. Jan. 27, 1905 
Jory, Henri Louis, Battery Expert and Chemist, The Electromobile Co., 
Ltd., Lordon, Eng. Feb. 27, 1903 
Jones, ALLEN GREEN, Commercial Transformer Departmert, General 
Electric Co. Schenectady, N. Y. Mar. 1, 1907 
Jones, Ав1нов W., General Electric Co., Schenectady, N. Y. 
Oct. 17, 1894 
Jones, Ворр J., Manager Electric Cal. Dept., Circinnati Gas & Elec. Co.; 
res., Ridgeway Apartments, Cincinnati, Ohio. June 15, 1904 


Jones, Forrest R., 1702 Melrose Ave., Knoxville, Tenn. May 20, 1890 
Jones, GEoncE Harvey, Assistant Engineer, Chicago Edison Co., 139 


Adams St., Chicago, Ill. Dec. 19, 1902 
Jones, JosepH Henry, Engireer, Utah Light and Railway Co., 154 
Center St., Salt Lake City, Utah. June 21, 1907 
Jones, M. E., 7 Lester Avè., Richmond Hill, N. Y. Oct. 27, 1897 
Jones, P. N., Pittsburg Railways, Co., Pittsburg, Pa. Mar. 25, 1904 
Jones, STERNS Francis, Assistant Electrical Engineer, Postal Telegraph 
Cable Co., 253 Broadway, New York City. June 21, 1907 


Jones, THEODORE INSLEE, Manager, Sales Dept., United Electric Light 
& Power Co., 1170 Broadway, New York City. Nov. 25, 1904 


Jones, WALTER J., Consulting Engineer, with F. A. C. Perrire, 60 Wall 


St., New York City. May 20, 1902 
JORGENSEN, Lars Rasmus, Desigring Engineer, with F. G. Baum & Co., 
1406 Chronicle Building, San Francisco, Cal. Jan. 27, 1905 
JosePpH, ABRAHAM Рімто, Switchboard Engireer, General Electric Co.; 
res., 128 Nott Terrace, Schenectady, N. Y. Mar. 29, 1907 
ЈоѕеРНІ, RoBEnT, Chemical Importing ard Manufacturing Co., 72 Pire 
St.; res., 28 W. 95th St., New York Citv. Jure 21, 1907 
ЈоѕЕРН, THEODORE HaRorp, Member of firm, E. J. Electric Installation 
Co.; res., 205 W. 138th St., New York Cit y. May 17, 1904 


JosuiN, ARBA VANDERBURG, Bay Co., Power Co., Crockett, Cal. 
Oct. 24, 1902 
Joy, Wittt1am Macy, Electrical Engineer, Porto Rico Railway Co., San 


Juan P. R. Sept. 28, 1906 
Joyner, ALBERT Henry WINTER, Electrical Engineer, Stone & Webster, 
84 State St., Boston, Mass. Sept. 26, 1902 
Jupson, CLARENCE Howarp, Chief Engineer, Independent Telephone 
Co., 1115 4th Ave., Seattle, Wash. Sept. 28, 1906 
Jupson, Wm. Pierson, Consulting Engineer, Broadalbin; res., Oswego, 
N. Y. June 8, 1887 
Junin, Gustav Aporr, Assistant Electrical Engineer, Dick Kerr & Co., 
Ltd., West Strand Road, Preston, Eng. Oct. 23, 1903 
Клис, JOSEPH FRANK, Student, Western Electric Co.; res., 682 S. Avers 
Ave., Chicago, Ill. May 14, 1906 
KAETKER, Henry, Reliance Electric Mfg. Co., 832 W. 6th St., Circinnati, 
O. Feb. 27, 1903 


Kaun, Morris FREIBERG, Engineer in Cable Department, N. Y. & N. J. 
Telephone Co., 78 W. 113th St., New York City. May 14, 1906 
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Kaiser, GEORGE KARL, Engineer, Moore Electrical Co.; res., 107 Halsey 


St., Newark, N. J Apr. 28, 1905 
KAISER, Lovis THEODORE, Chief Engineer, Thomas Emery's Sons, Hotel 
Émery, Cincinnati, O. Apr. 22, 1904 
KALENBORN, ARION SIEGFRIED, Asst. Transmission Engineer, with F. 
G. Baum, Seattle, Wash. Aug. 17, 1904 
KAMMERER, ЈАСОВ A., General Agent, The Royal Electric Co.; res., 87 
Jameson Ave., Toronto, Ont. Apr. 28, 1897 


KAPPELLA, ADOLPH SOMERS: Railway a Department, General 
Electric Со. ; res., 132 Park Ave. Schenectady, N. Y. Oct. 24, 1902 


KARAPETOFF, VLADIMIR, Asst. Professor of Experimental E. Engineering, 


Cornell University, Ithaca, N. Y. Feb. 27, 1903 
Kasvuya, Youjt, Superintendent of Motive Power, Tokio Densha Tetsudo 
Co., Tokio, Japan. Oct. 26, 1906 
KEAL, ern Jr., Draughtsman, Industrial Gas Co., Fuller Building, 
New York City Mar. 29, 1907 
KEARNY, PHILIP JOHN, Electrical Department, ЇЧ. Y., N. Н. & Н. Rd. 
Co., New Haven, Conn. Jan. 27, 1905 
KEATING, WILLIAM A., Assistant District Superintendent, Allegheny Co. 
Light Co., Pittsburg, Pa. Jan. 25, 1907 
KEBLER. LEONARD, Inspector, Ward Leonard Electric Co., Bronxville, 
N. Y. Aug. 17, 1904 


KEDNEY, Lynn, STEINFORT Electrician in charge of Power House, The 
Jalapa Railroad and Power Co., Jalapa, Mexico. May 19, 1903 


KEEFER, Epwin S., Supt. of Electric Light Construction, Western Elec- 


tric Co., 463 West St., New York City. Apr. 18, 1894 
KEELER, Irvine PHELPS, Superintendent of Power and Construction, 
Asheville Electric Co., Asheville, N. C. Nov. 20,1903 
KEELER, NELSON BERTRAND: Electrical Engineer, U. S. Engineering De- 
partment, 11 West St., New Lordon, Conn. Apr. 26, 1907 
KEHOE, MICHAEL J., Chief Electrician, Fort Wayne and Wabash Valley 
Traction Co., Fort Wayne, Ind. Aug. 25, 1905 
KEiLEv, JOHN D., Asst. Electrical Engineer, N. Y. C & H. R. RR, 5 
Vanderbilt Ave., New York City. July 25, 1902 


KEILHOLTz, P. O., Chief Engireer, Consolidated Electric Light & Power 
Co., Liberty and Lexington Sts., Baltimore, Md. Mar. 21, 1893 
KEiLY, WILLIAM EUGENE, Кып Editor, Western Electrician, 510 
Marquette Building, Chicago, Ш. Jan. 29, 1904 
Keiser, David L., Erecting Engireer, Westinghouse Electric ard Mfg. 
Co., Pittsburg, Pa.; res., Rushville, Ind. Mar. 29, 1907 
KEITH, LEIGH SHELTON, Electrical Engineer, New York Telephone Co., 
15 Dey St.; res., Hotel San Remo, New York City. May 14, 1906 
KELLER, ARTHUR, Engineer, Pawling & Hamischfeger Milwaukee, Wis. 
Mar. 25, 1904 

KELLER, CARL A., Chicago Edison Co., 139 Adams St., Chicago, Ill. 
Sept. 27, 1901 
KELLER, E. E., Vice-president and General Manager, Westinghouse Ma- 
chine Co., Pittsburg, Pa. Sept. 20, 1893 
KELLEY, FREDERICK WILLIAMS, Vice-president and General Manager, 
Helderberg Cement Co., 78 State St., Albany, N. Y. Nov. 24, 1905 


KELLEv, WALTER Stuart, Chief Engineer, Holtzer-Cabot Electric Co., 
Brookline. Mass. Oct. 28, 1904 


KELLOGG, JAMES GIFFORD, 5001 Woodlawn Ave., Chicago, Ill. 
Nov. 20, 1903 
(27) 


106 ASSOCIATES. 


KrrLocc, James W., M.E., Marager, Marire Sales, General Electric Co.; 


res., 10 Frort St., Scherectady, М. Y. Jure 26, 1891 
KELLEY, Joun, Urderstudy Salesman, Westinghouse Electric ard Mfg. 
Co., 1738 N. 16th St., Pliladelphia, Pa. Sept. 28, 1906 
KELLv, Joun WESLEY, JR., Gereral Superintendent, General Acoustic 
Co., 1265 Broadway, New York City. Dec. 18, 1903 
KELLY, THOMAS Francis, Electrical Engineer, Oregon Water Power & 
Railway Co., Portlard, Ore. Dec. 18, 1903 
Kecsay, G. H., Superintendent Power, Indiana Union Traction Co.. 
Arderson, Ill. Aug. 25, 1905 


KEMBLE, PARKER Henry, President ага General Manager, Northern 
Conn. Light ard Power Co., Windsor Locks, Conn. Mar. 1, 1907 


KEMPTON, WILLIARD Hoyt, Engineer, Westinghouse Electric and Mfg. 


Co., Pittsburg, Pa. Mar. 1, 1907 
KENDALL, Howarp CowvEnsE, Contract Department, Allis-Chalmers 
Co., Milwaukee, Wis. Nov. 23, 1906 


KENDALL, МпллАМ Roy, Consulting Electrical Engireer, Weeks ard 
Kerdall, 605 New Nelson Bldg., Kansas City, Mo. Apr. 26, 1907 


KEÉNNEpY, А. P., Electrical Engineer, Yates, Tallapoosa Co., Ala. 


(Life Member.] Apr. 26, 1899 
KENNEDY, JEROME DouBLeEbDay, Telephone Engineer, Western Electric 
Co., 259 So. Clinton St., Chicago, Ill. Apr. 27, 1906 
KENNEDY, JOSEPH B., In chief Engineers Office, Department of Water 
Supply, Ges and Electricity, New York City. Aug. 25, 1905 
KENNEDY, MarruEw G., United Gas Improvement Co., Broad ard Arch 
Sts., Philadelphia, Pa. Apr. 28, 1905 
KENT, JAMES, Salesman, Fort Wayne Electric Works, 812 Empire Build- 
ing, Pittsburg, Pa. Dec. 23, 1904 
KENT, JAMES MARTIN, Instructor in Steam and Electricity, Manual Train- 
ing High School, Kansas City, Mo. July 26, 1900 
KENT, WALTER, Inspector, Fort Wayne Electric Works, 529 W. Jefferson 
St., Fort Wayne, Ind. Sept. 28, 1906 
Kenyon, ALAN Dovcras, Patent Counsel, Kenyon & Kenyon, 49 Wall 
St.; res., 351 W. 141th St., New York City. pr. 22, 1904 
Kenyon, Віиүром E tery, Instructor in Electrical Engireering, Uri- 
versity of Texas, Austin, Tex. Feb. 23, 1906 


KENYON, MAXWELL 3., Chief Assistant, Traction Department, Br. West- 
irghouse Co. Ltd., Trafford Park, Manchester, Eng. Jan. 25, 1907 


Kenyon, Oris ALLEN, McGraw Publishing Co., 239 W. 39th St.; res.,542 


W. 159th St., New York City. May 14, 1906 
Kenyon, WILLIAM Houston, Patent Laywyer, 49 Wall St.; res., 321 W. 
82d St., New York City. Apr. 22, 1904 
Ker, W. WALLACE, Instructor of Electricity, Hebrew Techrical Institute, 
36 Stuyvesant St., New York City. Sept. 25, 1895 
KERINS, JOUN STEWART, Student, Brooklyn Polytechnic Institute, Brook- 
lyn; теѕ.,993 Summit Ave., New York City. Apr. 26, 1907 
KERN, OSCAR FREDERICK, Station Attendant, Mt. Whitney Power Co., 
Three Rivers, Cal. July 19, 1904 


KERN, WALTER EVERETT, Inspector, Electrical Department, District of 
Columbia; res., 20 R St., N. W., Washington, D.C, Apr. 28, 1905 


KEnNoT, WirrRID Noyce, Instructor, Technical College, Latrobe St., 


Melbourne, Australia. Feb. 24, 1905 
Kerr, Davin J., Electrician, Champion Fiber Co., Canton, N. С. 
June 21, 1907 
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KERR, SAMUEL Ross, 1522 1st Nat. Bank Bldg., Chicago, Ill. Jan. 3, 1902 
KERR, WALTER C., President, Westinghouse, Church, Kerr & Co., 12 
Bridge St., New York City. Jan. 25, 1907 
KERSHNER, [ ERN E., Consulting Engireer, The Larcaster Courty 
R. & L. Co., 445 W. Chestnut St., Larcaster, Pa. Jan. 3, 1902 
KETTERING, CHARLES FRANKLIN, Director of Electrical Inventions, Na- 
tional Cash Register Co., Dayton, O. June 15, 1904 
Keyes, Ciirt Button, Erecting Engineer, General Electric Co., Sche- 
nectady, N. Y. July 28, 1903 
Keyes, FREDERICK A., Sales Engineer, American Steel and Wire Co., 24 
State St., New York City. Mar. 29, 1907 
KippER, Harry Atvin, Ass’t. Elec. Super, Interborough Rapid 
Transit Co., 59th St.and 11th Ave., New York City.Nov. 23, 1906 
KippER, Leg Hobart, Pittsburg & Butler Ry., Co., Butler Pa. 


| Oct. 28, 1904 
KiIDDLE, ALFRED W., Partner, Redding, Kiddle and Greeley; res., 314 
West 98th St., New York City. Jan. 27, 1905 
KIEFER, CarL JACKSON, Reliance Engineering Co., 312 Fourth Natioral 
Bk. Bldg., Cincinnati, Ohio. Aug. 17, 1904 
Kier, SAMUEL MartTIN, President, Kier Fire Brick Co., 341 6th Ахе.; ` 
res., 5820 Callowhill St., Pittsburg, Pa. Jan. 24, 1902 
KILBOURNE, CoviNGTON Guion, Student, Columbia University; res., 357 
West 115th St., New York City. Mar. 24, 1905 


KiMBALL, EpwiN ELLIOTT, У Engineering Department, General 
Electric Co.., Schenectady, Y. Dec. 28, 1906 


KiMBALL, FRED Mason, Manager, Small Motor Department, General 
Electric Co., 84 State St., Boston, Mass. Apr. 23, 1903 


KIMBALL, RoGER NELSON, Vice-president and Supt., Kenosha Gas ard 
Electric Co., 210 Wisconsin St., Kenosha, Wis. Nov. 20, 1903 


KIMBALL, WILLIAM Francis, Assistant to Е. С. Sargent, Malden Electric 


Co., 101 Linden Ave., Malden, Mass. July 26, 1907 
KiMBER, WILLIAM MARMADUKE Cope, Instrument Inspector, Leeds and 
Northrup Co., Philadelphia, Pa. Mar. 1, 1907 
KING, ARTHUR CHARLES, Engineer, Northern Electric Mfg. Co., Madison, 
Wis. Nov. 20, 1903 
KiNc, Epwarp Dennison, Chief Operator, Ontario Power Co., Niagara 
Falls South, Ont. sept. 22, 1905 
Kinc, Harry DEGOLIER, Supt., Public Service Corporation of N. J., 
14th and Bloomfield Sts., Hoboken, N. J. July 19, 1904 
KiNc, Harry R., [Local Secretary], Electrical Engineer, Western Electric 
Co., Hawthorn; res., Hinsdale, Ill. Nov. 22, 1901 
KiNc, MonRLAND, Instructor, Electrical Engineering, Union College, 
Schenectady, N. Y. Nov. 23, 1906 
Kiuc, R. O., North Tonawanda, N.Y. Sept. 26, 1903 
KINGSBURY, JOHN McLean, Electrical Engineer, Switchboard Depart- 
ment, Allis-Chalmers Co., Milwaukee, Wis. Apr. 27, 1906 
KiNNECOM, FRED ORRIN, General Manager, Electrical Department, 
Charles S. Bush Co., Providence, R. I. May 19, 1908 
KINNEY, CLARENCE WALTER, Electrical Engineer, Page Electric Co., 24 
Pearl St.; res., Olean St., Worcester, Mass. Feb. 24, 1905 
KINNEY, FRANK ParRCHILD, Engineer Testing Laboratory, Chicago 
Edison Co., 84 Market St., Chicago, Ill. Apr. 28, 1905 


KiNNEY, Georce InviNG, B. L. Grow Realty Co. San Mateo, Cal. 
nae, Sept. 28, 1906 
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KINSLEY, CaRL, Assistant Professor of Physics, University of Chicago, 


Chicago, Ill. May 18, 1897 
KINTNER, CHARLES JACOB, Solicitor of Patents and Expert, 45 Broadway; 
res., 36 E. 29th St., New York City. Feb. 28, 1902 
Kırk, Georce ELis, [Local Secretary] Patent Lawyer, 1614 The 
Nichols; res., 2118 Erie St., Toledo, О. Apr. 27, 1906 
KIRKER, GAYLORD BRENNAN, Societé Anonyme Westinghouse; res., 2 
Boulevard Sadi Carnot, Lé Havre, France, Oct. 23, 1903 
KincHER, Harry BERTRAM, Manager, Belleville Gas and Electric Co., 
Belleville, Ill. Mar. 1, 1907 
KIRKLAND, Н. B., National Metal Moulding Co., Fulton Building, Pitts- 
burg, Pa. Sept. 28, 1906 
Kisur, Kerjrro, Chief Engineer, Shibaura Engineering Works No. 1. Shin- 
hamacho, Kanosugi Shibaku, Tokyo, Japan. Dec. 18, 1903 
KiTTLER, Dg. Erasmus, Professor at the Technical High School, Darm- 
stadt, Germany. Dec. 16, 1896 


KITTELBERGER, JOHN B., Chief of Maintenance, Central District and Print- 
ing Telegraph Co.; res., 416 7th Ave., Pittsburg, Pa. Mar. 29, 1907 


KLAUDER, Корогрн H., Electrical Engineer, General Storage Battery Co., 


Boonton, N. J. Aug. 13, 1897 
Kein, RicHARD M., Engineering Dept., Northern Electrical Mfg. Co., 
Madison, Wis. July 28, 1903 
KLINE, JAMES JOSEPH, Engineer, Ft. Wayne Electric works, Ft., Wayne, 
Ind. Jan. 3, 1902 
KLiPPHAHN, Еми, Oswatp Ernest, Davenport, Light & Power Co., 301 
Paciice Ave., Santa Cruz, Cal. ‘Apr. 23, 1903 
Кіоск, RAvMoND A., Assistant Electrical Engineer, the U. S. Signal 
Corps, Signal Office, Washington, D. C. Mar. 27, 1903 


KLOMAN, THEODORE W., Manager and Treasurer, The John F. Kelly 
Enginecring Co., 149 Broadway, New York City. June 19, 1903 


KtuMpp, JOHN BaARTLEMAN, Inspecting Engineer, The United Gas Im- 


provement Co., Philadelphia, Pa. Dec. 19, 1902 
KNavn, Ricuanp L, Director, Felten and Guilleaume, A. G. X. Guidrun- 
strasse 11, Vienna, Austria. June 21, 1907 
Knapp, Morris JASEN, Road Engineer, Westinghouse Electric & Mfg., Co., 
1107 Traction Building, Cincinnati, Ohio. Jan. 25, 1907 
Kwney, Отто, Manager Advertising Department, Northern Electrical Mfg. 
Co.; res., 128 E. Johnson St., Madison, Wis. July 28, 1905 
Кміснт, Cart DuNHAM, Instructor, Worcester Polytechnic Institute, 
Worcester, Mass. Nov. 24, 1905 
Кміснт, CHARLES D., General Electric Co., Schencctady, N. Y. 
May 15, 1905 
KNIGHT, CLimMpson Moore, General Manager, Idanha Machine Co., 
, Whitehall Bldg., New York City. Apr. 23, 1903 
KNicHT, Percy Henry, Flat 8, Cor. Coal & Rebecca Sts., Wilkinsburg, 
Pa. Mar. 28, 1902 
KNIGHT, SEYMOUR, Electric Bond & Shares Co., 62 Cedar St., New York 
City. May 19, 1903 
KNicHT, THOMAS Sawyer, Erecting Engineer, 25 No. Ferry St., Sche- 
nectady, N. Y. Mar. 24, 1905 
Knipp, CHARLES Tostas, Assistant Professor of Physics, University of 
Illinois; res., 502 W. Illinois St., Urbana, Ill. Dec. 15, 1905 
К море, Cart LaravETTE, Machinist, E. E. Lab., Ohio State University; 


res., 1535 E. Main St., Columbus, О. Jan. 26, 1906 
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Knox, FRANK H., Chief Engineer, Boise & Interurban Railway Co., 


Boise, Idaho. june 20. 1894 
Knox, Geo. W., President, Knox Engineering Co., 1409 Fisher Building, 
Chicago, Ill. Nov. 18, 1896 
Knox, Harry HaMiLTON, Electrical Engineer, John J. Sesnon Co., Nome, 
Alaska. Jan. 27, 1905 
Knox, S. L. G., Manager and Chief Engineer, Bucyrus Co., South Mil- 
waukee, Wis. Nov. 23, 1898 
КовАҮАЅНІ, WADACHI, Superintendent, Kanazawa Elec. Co., Shimohonda- 
machi, Kanazawa, Kaga, Japan. Oct. 26, 1906 
КорАмА, HAvADZUCHI, Chief Engineer, Tokyo Railway Co., 3 Urakucho 
Sanchome Kojimachi Ku, Tokyo, Japan. July 25, 1902 
KopjJBANOFF, BasiL GEORGE, Illuminating Engineer, Benjamin Electric 
Mfg. Co., New York City. | Мау 17, 1904 
KoENic, Davip, Engineer, Western Electric Co.; res., 1 Manhattan Ave., 
New York City. Mar. 1, 1907 
KorssTER, FRANK, Designing Engineer, J. G. White & Co.; res., 213 W. 
815% St., New York City. Mar. 29, 1907 
Косі, TORATR: Consulting Engineer, Kurumaya-Cho, Nijo, Kyoto, 
Japan. June 19, 1903 
KOHLER, ALBERT JOSEPH, Chief Engineer, Lynchburg Traction and Light 
Co., 601 Church St., Lynchburg, Va. Aug. 17, 1904 
KoHLER, L. FRANK, Student, Columbia Universtiy; res., 362 Cypress 
Ave., New York City. Nov. 25, 1904 
Конм, NATHAN. P-K. Engineering Co., 1118 Chemical Building, St. Louis, 
Mo. Apr. 28, 1905 
Коміѕні, TAMENOSUKE, Electrical Engineer, Mitsui & Co., 445 Broome 
St., New York City. Sept. 25, 1903 
Korst, Puitip HAROLD, Secretary and Manager, Janesville Electric Co., 
Janesville, Wis. June 19, 1903 
Kos, Dirk, 60 Clark St., Brooklyn, N. Y. June 21, 1907 
Kousnetzorr, W. A., Mining Engineer, Vladivostock, East Siberia. 
Aug. 22, 1902 


KouwENHOVEN, WILLIAM BENNETT, Assistant in Physics, Polytechnic 
Institute; res., 8 Kouwenhoven Pl., Brooklyn, N. Y. Dec. 28, 1906 


KRAEUCHI, JOHN ADOLPH, Emerson Electrical Mfg. Co.; res., 1241 Black- 


stone Ave., St. Louis, Mo. July 28, 1905 
KRAMER, XAVIER A., Magnolia Electric Light and Power Co., Magnolia, 
Miss. Aug. 17, 1904 
Krantz, Новерт F., President and Treasurer, H. Krantz Mfg. Co., 160 
7th St.; res., 610 11th St., Brooklyn, N. Y. Feb. 26, 1904 
Krass, RALPH WiLLIAM, Westinghouse, Church, Kerr & Co., 10 Bridge 
St.; res., 320 E. 57th St., New York City. Sept. 28, 1906 
Kratz, ARTHUR Bryson, Consulting Telephone Engineer, Elyria, О. 
Dec. 18, 1903 
KREIDLER, W. A., Editor and Publisher, Western Electrician, 510 Mar- 
` quette Building, Chicago, Ill. Oct. 4, 1887 
. KRETSCHMER, Epwarp E., Chief Clerk to General Superintendent, Chi- 
cago & Oak Park Elevated R.R. , Chicago, 111. Sept. 28, 1906 
KRocGER, FRED Hutton, Instructor, Cornell University, Ithaca, N. Y. 
Dec. 23, 1904 
KROHN, SIGVALD, Electrical Engineer, A. E. G., Bahnabteiling, Freidrich 
Carl Ufer 2- 4, Berlin, Ger. july 28, 1903 
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Kruesi, AucusT H., Designing Engineer, General Electric Co.; res., 225 


Union St., Schenectady, М.Ү. Jan. 9, 1901 
Квокѕі, PauL Joun, Manufacturer, Secretary and Treasurer, American 
Lava Co., Chattanooga, Tenn. Oct. 25, 1901 
KRuMM, Lovis RALPH, Assistant Electrical Engineer, U. S. Signal Service 
at Large, Army Building, New York City. Mar. 23, 1900 
KUBIERSCHKY, MARTIN Твлосотт AvcusT, Street Railway Director, 
Berlin W. 30 Habsburgerstr 11, Ger. Dec. 18, 1903 
Kumpe, Kanr Barclay, Locating Engineer, C. M. & S. H. P. Ry, 
Hoquian, Wash. sept. 28, 1906 
Kuniyasu, Uicur, Test Man, General Electric Co., Schenectady, N. Y. 
| Jan. 25, 1907 - 
Kunze, Короірн IL, Electrical Engineer, Otis Elevator Co.; res., 17 
Culver St., Yonkers, N. Y. Nov. 20, 1903 
Kynocu, James, Chief Engineer, Canadian General Electric Co., 14 King 
St. E., Toronto, Ont. Apr. 23, 1903 
Kyser, Henry Hearst, Engineer, Talladega Plannig Mill and Lumber 
Co., Talladega, Ala. June 21, 1907 
Laciar, Bert Erwin, District Inspector, New York & New Jersey Tele- 
phone Co., Newark, N. J. Mar. 1, 1907. 


LACOMBE, CHARLES FREDERICK, Chief Engineer of Light and o City 
of New York; res., University Club, New York City. Mar. 23, 1906 


LacounT, Henry Оѕсоор, Electrical Inspector, Mutual Fire Insurarce 


Co., Boston, Mass. Feb. 24, 1905 
La FEvER, CHARLES A., Assistant Superintendent and Electrical Engineer, 
Advance Thresher Co., Battle Creek, Mich. Sept. 25, 1903 
LAFORE, Jonn ARMAND, Electrical Engineer, 119 So. 11th St.; res., Bala, 
Pa. May 15, 1900 
Гле, WALTER, Erecting Engineer, Triumph Electric Co.; res, 415 
Fairview Ave., Cir cinnati, О. Apr. 23, 1903 
LAKE, Epwarp N., Engineer, The Arnold Co., 181 La Salle St., Chicago, 
Ш. Арг. 23, 1903 
Lams, ВіснАВр, Consulting, Civil and Electrical Engineer, 136 Liberty 
St., New York City. Dec. 18, 1895 
LAMBERT, CarL Fren, Electrical Engineer, Westinghouse Electric and 
Mfg. Co., Pittsburg, Pa. Mar. 29, 1907 
LAMME, WILLIAM FENNER, Construction Department, Westinghouse E. 
& M. Co., San Francisco, Cal. May 17, 1904 
LANCASTER, WILLIAM CARRINGTON, Electrical Engineer, United Engi- 
neering and Contracting Co., New York City. Sept. 28, 1906 
LAND, Frank, M.E., Land-Wharton Co., 910 Pennsylvania Building, 
Philadelphia, Pa. Sept. 22, 1891 
LANDERS, GEORGE Foreman, Captain Artillery Corps, Fort Hamilton, 
N Nov. 20, 1903 
Глмром, Epwin, Instructor, Department of Electricity, School of Sub- 
marire Defense, Fort Totten, N. Y. Jan. 25, 1907 
LANE, Emmett Horace, Assistant, H. F. Blackwell, Department of Water 
Supply; теѕ., 4422 18th Ave., Brooklyn, N. Y. June 21, 1907 
Laxe, HaRorp Восск, Testing Department, General Electric Co., 
Schenectady, М. Y. Mar. 1, 1907 
LANG, ARTHUR Сокрох, American Telephone & Telegraph Co.; res., 409 
W. 117th St., New York City. Sept. 25, 1903 
АМС, Epmunpb, Purchasing Agent, Wheeler Condenser and Engineering 
Co., West St. Building, New York City. Feb. 27, 1903 
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LaNc, GEORGE STUART, Engineer, Electric Storage Battery Co., Wain- 
wright Building, St. Louis, Mo. Jan. 23, 1903 


LANGAN, JOHN, Salesman,, Okonite Co., 253 Broadway, New York City. 
july 19, 1904 


LANGDELL, JOSEPH CHESTER, Meter Expert, Hudson River Power Co.; 


res., 28 Chestnut St., Aibany, N. Y. June 21, 1907 
LaxcwonrTHYy, Ross ANDREW, Engineer, Ford, Bacon & Davis, 331 Third 
Ave. North, Nashville, Tenn. Aug. 25, 1905 
LANIER, ALEXANDER CARTWRIGHT, (Local Secretary] Assistant Professor 
of E. E. University Cincinnati, Cincinntia O., Mar. 25, 1904 
LANMAN, WirLiAM H., Board of Patent Control, 120 Broadway, New 
York City. june 6, 1893 
LANPHIER, ROBERT Carr, Superintendent and Electrician, Sangamo 
Electric Co., Springfield, Ill. Nov. 22, 1901 
LANSINGH, VAN RENSSELAER, Electrical Engineer, 227 Fulton St., New 
York City. Aug. 23, 1899 
LANSLEY, WILLIAM J., General Manager, Hudson & Middlesex Telephone 
Co., Perth Amboy, N. J. Apr. 23, 1903 
La Porte, NonRBERT M., Electrical Engineer, Atlantic Mills; res., 410 
Broadway ,Providerce, R. I. Feb. 23, 1906 
LARKE, WILLIAM JAMES, Manager, Power and Mining Dept., British 
Thomson-Houston Co., Ltd., Rugby, Eng. Sept. 25, 1903 
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MatBAUM, JEROME, Designer, New York Edison Co., res., 169 E. 80th St., 


New York City. Mar. 1, 1907 
Maki, HEIICHIRO, 488 Sankocho, Shirokane, Shiba, Tokyo, Japan. 
Aug. 5, 1896 . 


MaALCOLM, GeorcE Hoac, Electrical Engineering Department, Otis Ele- 
vator Co.; res., 78 Warburton Ave., Yonkers, N.Y. July 26, 1907 


MALCOLM, Norman, Engineer, with George M. Painter, 423 Chamber of 


Commerce Building, Chicago, Ill. Apr. 28, 1905 
MALCOLMSON, CHARLES ТосѕіЕҮ, Meckanical Engineer, Coal Testing 
Plant, World's Fair Grounds, St. Louis, Mo. May 19, 1903 


MALLALIEU, WILBUR Emerson, Asst. Electrical Inspector, Nat. Board 
of Fire Underwriters, 32 Nassau St., New YorkCity. June 15,1904 


MALLETT, JOHN PuniNTON, Chief Eng. and Desigrer, NortFern Electric 
Mfg. Co.;res., 223 N. Carroll St., Madison, Wis. Feb. 27, 1903 


Marov, WiLLiAM B., 700 N. Fulton Ave., Baltimore, Md. Apr. 28, 1905 
MaLTHA, GERARD SYBREN, Electrical Engineer, Plant Eng. Dept., 


Western Electric Co., Hawthorne, Ill. Apr. 27, 1906 
MALTMAN, JOHN Scorr, Superintendent, Kankakee Electric Light Co., 
Kankakee, Ill. June 21, 1907 


MANGE, JOHN I., Engineer, Watertown Gas Light Co., Watertown, N. Y. 
Sept. 25, 1903 


MANLEY, JOHN CHARLES, Assistant Construction Superintendent, Chicago 


Edison Co., 139 Adams St., Chicago, Ill. Apr. 26, 1907 
MANLEY, RoBERT E., General Manager, Hanover Light Heat and Power 
Co., Hanover Pa. Mar. 29, 1907 
MANLEY, Rusu Emmett, Chief Insp?ctor, Central Union Telephone Co., 
1517 Worthington St., Columbus, O. Mar. 25, 1904 
MANN, CHARLES ALLEN, Engineering Salesman, General Electric Co. 
Omaha, Neb. Nov. 24, 1905 
MANN, МпллАМ Lowry, Field Engineer, Shawinigan Water and Power 
Co., Moatreal, P. Q. May 19, 1903 
MANSFIELD, Epwarp Stacey, Edison Electric Illumirating Co., 70 
State St., Boston, Mass. | Мау 17, 1904 


MANSFIELD, К. Н. Jr., Cutler-Hammer Mfg. Co., Milwaukee, Wis. 
Sept. 28, 1898 


Manson, ARTHUR JAMES, Electrical Ergineer, Westinghouse Electric ard 


Mig. Co., Pittsburg, Pa. Aug. 25, 1905 
Manson, БАЕ: ЕрсАЕ, Marager, Westirgkouse Electric ard Mfg. Co., 
Boston; res., 67 Perry St., Brooklire, Mass. Jan. 25, 1907 
Manson, Ray HERBERT, 151 Assistant Engireer, Dean Electric Co., 
Elyria, Olio. Nov. 21, 1902 
MANVEL, FREDERIC Ina, Testing Engineer, Starley С. I. Electric Mfg. 
Co.; res., 631 North St., Pittsheld, Mass. ‘Nov. 23, 1906 


MANVILLE, CHARLES B., Electrical Engireer’s Assistant Otis Elevator 
Co.; res., 1160 Nepperham Ave., Yonkers, N. Y. Aug. 22, 1902 


MANYPENNY, JOSEPH Pope, Philadelphia Electric Construction Co., 


914 Filbert St., Philadelphia, Pa. Mar. 27, 1903 
ManBURG, Louis C., Electrical Engineer, Allis-Chalmers Co., Milwaukee, 
Wis. Feb. 28, 1902 
MARKEL, HARLEY R., Electrical Inspector, Ohio Inspection Bureau, 
902 Corover Building, Dayton, Ohio. June 21, 1907 
MARKLE, HERBERT, Sales Engineer, Northern Electric Mfg. Co., 425 
Monadnock Building, Chicago, Ill. | Dec. 19, 1902 
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MaRLOW, WavLAND CriNTON, Electrical Engineer, The Natural Food 
Co., Niagara Falls, N. Y. Jan. 23, 1903 
MARRIOTT, RoBERT Henry, Electrical Engineer, American Deforest 
Wireless Tel. Co., 566 High St., Denver, Colo. Sept. 28, 1906 
MansH, CHARLES MERCER, New York Transportation Co., 817 8th Ave., 
New York City. Feb. 27, 1903 


MarsH, Harry Bowman, Secretary, The Sanborn & Marsh Electric Co.; 
res., 1131 North Illinois St., Indianapolis, Ind. Mar. 28, 1900 


MARSHALL, CLovp, E. E., Ergineer, American De Forest Wireless Tele- 
graph Co., 42 Broadway, New York City. Apr. 25, 1900 
MARSHALL, NorMAN, President and Manager, Marshall-Sarders Co., 
301 Congress St., Boston, Mass. Aug. 22, 1902 


MARSHALL, St. JULIEN RavkNEL, Electrical Ergireer, Gwathmey- 
Mackall Eng'g. Co.,Atlantic Trust Bldg., Norfolk, Va. Nov. 24, 1905 


Marston, Anson, Dean of Division of Ergireering, Iowa State College, 


Ames, Iowa. July 19, 1904 
MARTIGNONE, DOMENICO, Contacting Ergineer, General Electric Co., 
Schenectady, М.Ү. june 14, 1905 


MARTIN, FRANK, Engineer, American Hard Rubber Co., College Point, 
N. Y. Oct. 21, 1890 


MARTIN, GEORGE W., Assistant to resident engineer, Ford. Bacon and 

Davis, Pine Bluff, Ark. Mar. 29, 1907 
Martin, HERBERT, Prof. Eng., Oerlikon Works, Zurich, Switzerland. 

May 15, 1905 

Marrin, JAMES FRANK, Foreman in. Testing Laboratory, Allegheny 


County Light Co., Pittsburg, Pa. Mar. 1, 1907 
MARTIN, JOHN, Assistant Designing Engineer, British Thomson-Houston 
Co., Ltd.; res., Belgrave, Rugby, Eng. Apr. 26, 1907 
MARTIN, JOHN, Agent, Stanley Electric Mfg. Co., Rialto Bldg., San 
Francisco, Cal. July 27. 1898 
MARTIN, Lewis GeEorGE, Electrical Engineer, The Okonite Co., Ltd., 
253 Broadway, New York City. Apr. 23, 1903 


MARTIN, Percy, Manager, The Daimler Motor Co., Coventry, Eng. 
Jan. 29, 1904 
MARTIN, SIDNEY B., Consulting and Constructing Electrical Engineer, 
Pittsburg, Pa. Nov.21, 1902 
MarRTIN, T. COMMERFORD, [Past-president] Editor, The Electrical World 
and Engineer, 239 W. 39th St., New York City. Арт. 15, 1884 
Marvin, RicHarRD Harr, Testing Department, General Electric Co., 
Schenectady, N. Y. Julv 19, 1904 
Masjoan, JUAN, M. E. tn E. E. Parana, Argentine Republic. Dec. 15, 1905 
Mason, Epwarp Jarvis Kinc, Westinghouse, Church, Kerr and Co, 


10 Bridge St., New York City. Mar. 29, 1907 
Mason, Hopart, B. S., E. E., Electrical Engineer, New York, New Jersey 
Teleph. Co., 15 Dey St., New York City. June 28, 1901 
Mason, Rocer, Electrical Engineer, Bond Electric Co., San Francisco, 
Cal. June 14, 1905 
Mason, WarrkER Lrovp, Salesman, Westinghouse Electric ard Mfg. Co., 
Land Title Bldg., Philadelphia, Pa. Mar. 29, 1907 
Masson, RaymMonp S., Consulting Electrical Engineer, 824 Westlake Ave., 
Los Angeles, Cal. Apr. 26, 1899 


MASTERS, ARTHUR HENRY, Representative of Westinghouse, Church, 
Kerr & Co.; res., 660 Maryland Ave., Pittsburg, Pa. Jan. 23, 1903 
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MasTERs, WILFORD THOMPSON, Superintendent, of Power Distribution 
B. E. Ry. Co., 439 Albany St., Boston, Mass. Apr. 26, 1907 


MATEER, JESSE EUGENE, Electrical Engineer, Westinghouse Electric 
and Mfg. Co., Pittsburg, Pa. july 19, 1904 


MATEER, Ross Book, Electrical Engineer, Coni Dustin Utilities Co., 
| 60 Wall St., New York City. Jan. 23, 1903 


MATHER, EucENE HorMes, Manager, Cumberland ПІ. Co.; Treasurer, 
Portland Lighting and Power Co., Portland, Me. Apr. 28, 1897 


MaTHER, Lewis Root, Electrical Contractor, 113 Miller St., Utica, 
N. Y. Jan. 26, 1906 


MATHER, ROBERT FENTON, Assistant Superintendent, Winnipeg Elec- 
tric Street Railway Co., Lac du Bonnet, Manitoba. June 21, 1907 


MaATHEY, Ewarp Du Bois, Chief Draughtsman, Elec. Dept., Westing- 


house, Church, Kerr & Co., New York City. Jan. 25, 1907 
MarHis, Louis J., Engineer, General Electric Co., 44 Broad St., New 
York City. Apr. 28, 1905 
MarrHEWs, HuBERT WILLARD, Engineering Apprentice, Westinghouse 
Electric and Mfg. Co., Great Falls, S. С. June 21, 1907 
MaTTHIAS, J. INGLES, Manager, Licking Light and Power Co., Newark, 
Ohio. Mar. 24, 1905 
MAUGER, SAMUEL WARREN, Assistant Engineer, Switchboard Depart- 
ment, General Electric Co., Schenectady, N. Y. Sept. 28, 1906 
MAUTNER, CHARLES, Electrical Engineer, 5 East 13th St., New York 
City. Feb. 26, 1904 


MaxiM, HiRAM Percy, Electric Vehicle Co., Hartford, Conn. Jan. 3, 1902 


MAXWELL, ALEXANDER, Assistant Superintendent 3d District, New York 
Edison Co. ; res., 45 West 26th St., New York City. Nov. 20, 1903 


MAXWELL, EUGENE, Phoenix Construction Co., Raleigh, N. C. 


Aug. 5, 1896 

MaxwELL, Howarp, Designing Engineer, General Electric Co.; res., 
832 Union St., Schenectady, N. Y. Apr. 23, 1903 
MAXWELL, MARSHALL ANDREWS, Consulting Electrical Engineer, 82 
Beaver St., New York City. Apr. 28, 1905 
MAYER, FRANKLIN JULEs, District Manager, Wisconsin Telephone Co., 
16 S. Carroll St., Madison, Wis. Feb. 23, 1906 


MAZZOLANI, GiuLio, Electrical Engineer Societa delle Tramvie e ferrovie 
Electriche di Roma Via Firenze, 47, Rome, Italy. Mar. 29, 1907 


MCALLISTER, ADAMS STRATTON, Editorial Department, Electrical World 
& Engineer, 239 W. 39th St., New York City. Mar. 28, 1902 


McANGE, WILLIAM NonMaN, JR., Manager, Atlantic Coast Construction 


Co., Suffolk, Va. Aug. 17, 1904 
McCaBE, EDWARD козу Switchboard Operator, Interborough 
Rapid Transit Co ew York City. May 15, 1905 
McCALL, Joser B., President, The Philadelphia Electric Co., N. E. cor. 
10th and Sansom Sts., Philadelphia, Pa. Apr. 22, 1904 
McCaANDpLEss, WILSON, Treasurer, United Electric Construction Co., 
1714 Sansom St., Philadelphia, Pa. Dec. 28, 1906 
McCARTER, Коверт D., Jr., Electrical Engineer, Bath Electric Tram- 
way, Ltd., Walcot St., Bath, Eng. May 16, 1899 
McCartuy, E. D., McCarthy Bros. & Ford, 41 E. Eagle St.; res., 540 Nor- 
wood Ave., Buffalo, N. Y. Nov. 18, 1896 
McCARTHY-JoNEes, CHRISTOPHER Номе, Engineer on Staff, British 
Thomson-Houston Co., Rugby, England. Mar. 29, 1907 
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McCarty, Francis ALEXANDER, 31 Queen St., Melbourne, Vic. 
jure 28, 1901 


McCaskEv, WILLIAM TYNDALE, Electrical Installation Co., Morad- 


nock Bldg., Chicago, Ш. Sept. 25, 1903 
McCaSsKILL, KENNETH, Ergireerirg Dept., N. Y. С. R. R. Room 1235, 
335 Madison Ave., New York City. Feb. 26, 1904 


McCLAIN, FRANK LAVAL, 3644 Botanical Ave., St. Louis, Mo. 
jure 19, 1903 


McCreary, Ernest, Electrical Contractor, McCleary-Harmon Co., 411 


Stevens Building, Detroit, Mich. Apr. 23, 1903 
MCCLELLAN, Ross St. Joux, Engineer, Electric Bond & Share Co., 62 
Cedar St., New York City. Oct. 28, 1904 
McCLELLAN, WiLL1iAM, Ph. D., Ergineer, Allison Campion, McClellan Co., 
90 West St., New York City. Feb. 26, 1904 
MCCLELLAND, WILLIAM, Electrical Engineer, Admiralty, Lordon, S. W. 
Eng. May 19, 1903 
MCCLENATHEN, ROBERT, Engineer, International Harvester Co., Auburn 
N. Y. May 16, 1899 
McCuintic, Емметт W., American Gas & Electric Co., Witherspoon 
Building, Philadelphia, Pa. May 14, 1906 
McCuLiNTOCK, WitLLIAM McKean, Electrical Engineer, McClirtock Manu- 
facturing Co., 772 Hague Ave., St. Paul, Minn. June 21, 1907 
McCuvureE, WILLIAM J., Electrical Engineer & Contractor, 160 Fifth Ave.; 
| res., 358 W. doth St., New York City. Apr. 25, 1900 
McCrunc, W. A., Engineer, Westinghouse, Church, Kerr & Co., 10 
Bridge St., New York City. Dec. 20, 1893 
McConaHery, WILLIAM M., Electrical Engineer, Westinghouse E. & M. 
Co.; res., 5723 Rippey St., Pittsburg, Pa. Sept. 27, 1901 


McCormick, BRnApLEY THomas, Allis-Chalmers-Bullock, Montreal, Que. 
Jan. 29, 1904 

McCoy, Car, Draftsman, Washington Water Power Co., 716 1st Ave.. 
Spokane, Wash. Oct. 26, 1906 
McCoy, TouN AnGus, Supt. of Construction, The New England Teleph. 
& Tel. Co.; res., 62 Main St., Somerville, Mass. Apr. 23, 1903 
McCoy, WALTER EnwsEN, Electrical Engireer, Urited Electric Light ard 
Power Co., 1170 Broadway, New York City. May 19, 1903 
McCutton, James S., Superintendent of Buildings, New York TclepFone 
Co., 15 Dey St.; res., 207 W. 71st St., New York City. Mar. 25, 1904 
McCurLovcH, Homer, Electrician, Pittsburg & Montana Ccpper Co., 


Butte, Mont. Dec. 23, 1904 
McCurpy, GEORGE ALEXANDER, Electrical Engineer, Madison Sq. 
Theatre; res., 8 W. 66th St., New York City. Apr. 26, 1907 
McDznMorr, FRANKLIN PIERCE, JR., Electrical Engineer, Westinghouse 
Electric and Mfg. Co., Pittsbury, Pa. Mar. 1, 1907 
McDoNarp, WaALTER D., Salesman, Westirghouse E. & M. Co., 171 La 
Salle St., Chicago, Ill Sept. 25, 1903 
McDonne Lu, ISHAM FENNELL, Manager, Southern States Electric Co., 
Birmingham, Ala. June 14, 1905 
McDovcarr, GEORGE KinGuHorn, Irdiara & Louisville Traction Co., 
308 Columbia Building, Louisville, Ky. Aug. 25, 1905 
МсОсЕРЕЕ, EDGAR JEROME, Assistant Engineer, General Electric Co., 
84 State St., Boston, Mass. Apr. 23, 1903 
McErnov, James F., Consulting Engineer, Consolidated Car Heatirg 
Co., 131 Lake Ave., Albany, N. Y. Nov. 15, 1892 
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McFgpRIEs, SHERMAN MILLER, Secretary ard Treasurer, J. L. Schure- 
man Co., 80 W. Jackson Blvd., Chicago, Ill. une 21, 1907 


McFEELEY, JOHN, Assistant, Public Service Corporation of New Jersey- 
418 Federal St.; res., 615 Line St., Camden, N. J. Feb. 26, 1904 
McGeorGE, Нлвогр, Vice-President and General Manager, McGeorge 
Mfg. Co., Cleveland, O. | Oct. 28, 1904 
McGILLIvRAY, JOHN Epcar, Telephone Engineer and Constructor, 
125 Boren Ave., North, Seattle, Wash. Sept. 28, 1906 
McGratH, WiLLiAM Henry, Electrical Eagiaeer, Houghton Co., Elec. 
Co., Houghton, Mich. Mar. 28, 1902 
McGraw, Frank H., Superintendent Construction, Westinghouse, 
Church, Kerr and Co., 8 Bridge St., New York City. Маг. 24, 1905 
McGraw, James H., President, McGraw Publishing Co., 239 W. 39th St., 


New York City; res., Madison, N. J. Sept. 27, 1901 
McGrecor, ALEXANDER GRANT, Electrical Engineer, Anaconda Copper 
Mining Co., Anaconda, Mont. Sept. 28, 1906 
McIntyre, Henry Knox, Assistant, Engineering Department, New York 
Telephone Co., 15 Dey St., New York City. Sept. 26, 1902 
McJunkin, PauL, Consulting Engineer, Fahn & McJunkin, 201 E. 16th 
St., New York City. May 15, 1905 
McKay, MARSHALL CAMERON, Supt. American River Electric Co., 320 
E. Webber Ave., Stockton, Cal. May 19, 1903 


McKay, Maurice Parker, Eayineer, Westinghouse, Church, Kerr & Co., 
10 Bridge St.; res., 211 W. 69th St., New York City.May 17, 1904 
McKay, Ropert, Barrister and Solicitor, McKay, Dods & Grant, King St., 


Toroato, Ont. Jan. 29, 1904 
McKee, FRANK E., Electrical Ergineer, Pressed Steel Car Co., McKees 
Rocks, Pa. Oct. 27, 1905 
McKee, WitLIAM Norris, Consulting Electrical Engineer, 509 Wait 
_ Building, Decatur, Ill. July 19, 1904 
McKetway, Grorce HUBBELL, Assistant Electrical Engineer, Brooklyn 
Heights R. R., Brooklyn, N. Y. Dec. 18, 1903 
McKenzie, RopDERICK R., Station Engincer, San Juan Light and Transit 
Co., San Juan, P. R. Apr. 27, 1906 
McKiN Dr g y. JAMES LAMPERT, Engineering Department, Westinghouse 
lectric and Mfg. Co., Pittsburg, Pa. June 19, 1903 
McKinney. RoBERT F., Switchboard Operator, General Electric Co.; 
res., 932 Albany St., Schenectady, N. Y. Sept. 28, 1906 
McKinstry, ARCHIBALD, Chief Assistant, Plant Department, British West- 
Ir ghouse Electric and Mfg. Co., Manchester, Eng. Jan. 25, 1907 


McKittrick, FREDERICK JAMES ALEXANDER, Managing Director, 
McLA Australian Gen. Elec. Co., Melbourne, Australia. Sept. 22, 1905 
i REN, Тону HAROLD, Assistant Chief Engineer, Cincinnati, Newport 
Мел and Covington Light and Traction Co., Newport, Ку. Mar. 29, 1907 
i REN, WILLIAM FREDERICK, Draftsman, Ravenscliffe Ave., Hamilton. 


McLe Ont. | June 19, 1903 
j ARY, SAMUEL Harvey, Electrical Engincer, Big Four Ice & Coal 
Маљ Co., Waco, Texas. Nov. 20, 1903 
^ LLAN, WILLIAM, Partner, Merz & McLellan, Collingwood Buildings, 

Newcastle-on-Tyne, Eng. May 19, 1903 
Мслмоҳт, А. W., Engineer, Federal Electric Со., 141 Broadway, New 

York City. july 26, 1900 


Mc ASTER, JAMES CLAYTON, Member of firm, McMaster Electric Con- 
en Struction Co., 114 North 3d St., Columbus, O. Apr. 22, 1904 
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McMorrow, CHARLES P., Panama R. ЕК. Co., La Boca Canal Zone, Pan. 
Jan. 25, 1907 
McMurtry, ALDEN LoTHROP, Superintendent, New York Motor Car Co., 
141 W. 38th St.; res., 812 5th Ave., New York City. Aug. 25, 1905 
McNarER, JOSEPH TREANOR, Sales Manager, International Electric & 
Engineering Co., 150 Nassau St., New York City. Dec. 18, 1903 
McNAMEE, ТномАлѕ WILSON, Superintendent, Wabash Electric Light Co., 


Wabash, Ind. і Арт. 22, 1904 
McNary, CHARLES HERBERT, General Manager, Lewiston-Clarkston Co., 
Clarkston, Wash. Apr. 25, 1902 
McNEILL, JacoB Rurvs, Electrical Engineer, Proctor and Gamble Co., 
Ivorydale; res., 831 Williams Ave., Hartwell, O. Apr. 27, 1906 
McNicoL, Donato, Electrician, Postal Telegraph Co., Salt Lake Сиу, 
Utah. Nov. 24, 1905 
McNiTT, RoBert }о$ЕРН, Superintendent, Acker Process Co.; res., 124 
Third St., Niagara Falls, N. Y. Sept. 28, 1906 


McNu tty, PETER CurriNG, Jr., Borough Engineer, Edgewood Park, Pa. 
Oct. 28, 1904 
McPHERSON, NoRMAN CRAWFORD, Engineering Staff, Westinghouse, 
Church, Kerr & Co., 10 Bridge St., New York City. Sept. 25, 1903 
McQvanRiE, J. L., Assistant Chief Engineer, Western Electric Co., 


259 So. Clinton St., Chicago, Ill. Apr. 26, 1907 
McQvisTON, JACKSON CLENDENON, Manager, Westinghouse Cos’ Pub- 
lishing Dept., Pittsburg, Pa. Mar. 1, 1907 
McRae, FRANK GEoRGE, Electrical Inspector, Hudson River Electric 
Power Co., 192 3d St., Albany, N. Y. Mar. 29, 1907 
McRae, JouN, Master Signal Electrician, Signal Corps, U. S. 263 
Summer St., Boston, Mass. Jan. 27, 1905 
McTAGGART, WiLLIAM A., General Electric Co.; res., 427 Smith St., 
Schenectady, N. Y. Mar. 25, 1904 
MEAD, GEORGE Ау, Chief Engineer, The Ohio Brass Co., Mansfield, 
Ohio. Sept. 25, 1903 
MEAD, WILLIAM ALGERNON, Foreman, Harry Alexander Co., 18 W. 34th 
St.; res., 405 W. 17th St., New York City. Jan. 25, 1907 
MEADE, RarPH CUTLER, Foreman of Sub-station, Interborough Rapid 
Transit Co., New York City. Apr. 27, 1906 
MEAbows, GEORGE WILLIAM, Wireman, Jamestown Exposition Co; 
Pine Beach, Va. June 21, 1907 
Mrapows, Haro_tp GnEGoRY, Meadows, Williams & Co., 214 Fidelity 
Bldg., Buffalo, N. Y. sept. 23, 1896 
MEDBERY, S. C., JR., Engineering Department, N. Y. & N. J. Telephone 
Co., 15 Dev St., New York City. Oct. 24, 1902 
MEEKER, Lewis EpGar, Wire Chief, N. Y. & N. J. Telephone Co.; res., 
44 Linden St., Brooklyn, N. Y. Nov. 24, 1905 
Mees, Cart Leo, President and Professor of Physics, The Rose Poly- 
technic Institute, Terra Haute, Ind. Mav 19, 1903 


Mers, Curtis Avoipn, Charge of Design, Southern Power Co., Charlotte, 
N.C Mar. 1, 1907 
MEISTER, JAMES FRANKLIN, Stone & Webster Engincering Corporation, 


S4 State St., Boston, Mass. Aug. 25, 1905 
MENDENHALL, BayARD WILLIAM, Manager, Ely Light & Power Co., 
Ely, Nevada. Sept. 28, 1906 
Mentz, Henry ALvan, Consulting Electrical Engineer, 714 Hennen 
Building, New Orleans, La. Dec. 28, 1906 
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MERENESS, GERIT Newton, Engineering Dept., C. D. & P. Tel., Co., 


Pittsburg, Pa. Jan. 29, 1904 
MERIWETHER, RICHARD, Superintendent, Louisville and Eastern Rail- 
road, 511 West Green St., Louisville, Ky. June 21, 1907 
MERKLE, WILLIAM S., Vice-president Ewing Merkle Electric Co.; 1es., 
2601 Louisiana Ave., St. Louis, Mo. Apr. 23, 1903 
MERRIAM, Ezra Bassett, Electrical Engireer, Gereral Electric Co., 
Schenectady, N. Y. . Jan. 26, 1906 
MERRICK, ELDRIDGE GERRY, Stanley G. I. Electric Mfg. Co., res., 27 
Pomeroy Ave., Pittsfield, Mass. Mar. 24, 1905 
MERRICK, FRANK ANDERSON, Manager of Works, Canadian Westirghouse 
Co. Ltd., Hamilton, Ont. Mar. 29, 1907 
MERRILL, BARRETT Morris, Electrical Engineer, Washington Power Co., 
1618 Mallon Ave., Spokane, Wash. Apr. 23, 1903 
MERRILL, CHARLES PALMER, Cable Dept., Dean Electric Co., Elyria, 
Ohio. Apr. 28, 1905 
MERRILL, E. A., Manager, New York Office, McIntosh, Seymour & Co., 26 
Cortlandt St., New York City. Sept. 20, 1893 
MERRILL, Epwanp BELDEN, Power Construction Department, Carregie 
Library, Winrepeg, Manitoba. May 15, 1905 
MERRILL, JOSEPH F., Professor of Physics and Electrical Engireering, 
University of Utah, Salt Lake City, Utah. May 21, 1901 
MERRILL, JosiaH L., Electrical Engireer, Burke Electric Co., 1526 Park 
Building, Pittsburg, Pa. Sept. 25, 1895 


MERRILL, MELDON HuMPHREY, Sales Engineer, Westinghouse Electric ага 
Mfg. Co., 716 Board of Trade Building, Boston, Mass. Apr. 22, 1904 


MERRITT, BENJAMIN F., Superinterdent, Electric Goods, Mfg. Co., 
Canton, Mass. Mar. 27, 1903 


Merz, CHARLES H., 28 Victoria St., Westminster, London S. W., Eng. 
Sept. 25, 1895 


MESCHENMOSER, WILLIAM F., Engineer, Kinsman Block System Co., 


55 Dey St., New York City. Sept. 28, 1906 
Messick, CHaRLES, Electrical Епрігеег, Room 92, Cotton Exchange 
Bldg., New York City. Dec. 18, 1903 


Meston, CHanLEs ROBERT, Vice-president ard Suyerinterdent, The 
Emerson Mfg. Co., 5619 Cates Ave., St. Louis, Mo. May 19, 1903 


METTLER, Hans Wirt., Draughtsman, Ortario Power Co., Niagara 
Falls, N. Y. Apr. 22, 1904 


MEYER. ALBERT P., Engireer, Rowlard Telegraphic Co., 107 E. Lom- 
bard St., Baltimore, Md. Feb. 24, 1905 


MEYER, Epwarp B., Engineering Assistant, Public Service Corporation 
of N. J.; res., 789 Clinton Ave., Newark, N. J. June 14, 1905 


MEYER, Ernar Honoratus, Ontario Power Co., Niagara Falls, N. Y. 
| May 14, 1906 


MEYER, EUGENE Danie, Consulting Engineer, Falkenau Electrical Con- 


struction Co., Paw Paw, Mich. Mar. 29, 1907 
Meyer, Hans JuL1ivus, Westinghouse Electric & Mfg. Co., 1110 Hikternia 
Bank Bldg., New Orleans, La. Nov. 25, 1904 
Meyer, Hans S., Electrical Engineer, Norddeutsche Machiren und 
Armaturen-Fabrik, Bremen, Ger. july 27, 1889 


MEYER, HENRY Соррімстом, Jr., Consulting Mechanical Engineer, 1 
Madison Ave., New York City; res., Montclair, N.J. Apr. 28, 1905 
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Meyer, HERMANN Henry BERNARD, Expert Cataloguer, Library of 
Congiess, Washington, D. C. Feb. 24, 1905 


MEYER, JuLivs, Consulting Engineer, 60 Liberty St., New York City. 
Oct. 25, 1892 


MEYERS, ALvıN, Engineering Department, The Telluride Power Co., 


Provo, Utah. Aug. 22, 1902 
MEYGRET, ACHILLE, Consulting Engireer, Room 1209, 110 West 34th 
St., New York City. July 19, 1904 
MicHoD, CHaRLES Lovis, Salesman Westirghouse Electric & Mfg. Co., 
Brown-Marx Building, Birmingham, Ala. july 28, 1903 
MIDDLETON, A. CENTER, General Electric Co., 44 Broad St., New York 
City. May 16, 1899 


MiEHLING, RUDOLPH, Engineer, 29 Hamilton Terrace, New York City, 
Sept. 25, 1903 


MircH, Maurice, Engineer, Nagy-Bittse, Hungary. Apr. 22, 1904 
MILES, FREDERICK, Superintendent of Power, New Milford Power Co., 
Gavlordsville, Conn. Mar. 1, 1907 
MirEs, J. WALTER, Electrical Engineer, Westinghouse Electric ard Mfg. 
Co., Irwin, Pa. Apr. 25, 1903 
MILFORD, GEORGE Roscoe, Superinterdent of Power House, Northern 
California Power Co., Redding, Cal. Oct. 28, 1904 
MILLAR, LEsLiE WALKER, Inspector, Edison Electric Illumirating Co., 
516 Atlantic Ave., Boston, Mass. Dec. 28, 1906 
MILLAR, Preston S.. Asst. to Mer. Electrical Testing Laboratories, SOth 
St. ard East End Ave., New York City. Jan. 23, 1903 
MILLER, ALPHONSUS JOSEPH, Laboratory Assistant, Western Electric 
Co., 403 West St., New York City. Mar. 28, 1902 
MILLER, ALVIN AUGUSTUS, Salesman, Westinghouse Electric and Mfg. 
Co., 314 Occidental Ave., Seattle, Wash. Apr. 23, 1903 
MILLER, ANDREW OTTERSON, Correspordent, Westinghouse Electric ard 
Mfg. Co., 11 Pine St., New York City. Mar. 1, 1907 
MILLER, ANGUS KENNETH, Assistant Ergireer, Brooklyn Rapid Trarsit 
Co.; res., 85 Clinton St., Brooklyn, N. Y. Apr. 26, 1907 


MILLER, ARLIN D., Truckee River, General Electric Co., Rero, Nev. 
Nov. 23, 1906 
MILLER, DECATUR STERIGERE, Electrical Ergireer, Consolidated Railwav 


Co.; res., 314 Crown St., New Haven, Conn. Apr. 27, 1906 
MILLER, Dwicur Dana, Salesman, Westinghouse Electric ard Mfg. Co., 
11 Pine St., New York City. Apr. 25, 1902 


MILLER, ErAM, Engineer, Pacific States Tel. ard Tel. Co., Oaklard, Cal. 
| Мау 15, 1905 


MILLER, FRANK HEGaN, Superintendert Louisville Railway Co.; res., 


521 W. Hill, Louisville, Kv. Mar. 25, 1904 
MILLER, GEORGE E., Westinghouse E. & M. Co., New Englard Building, 
Cleveland, Ohio. Feb. 28, 1902 
MILLER, HERBERT S., Electrical Engineer, Diehl Mfg. Co., res., 1025 E. 
Jersey St., Elizabeth, N. J. Mar. 22, 1899 


MILLER, JAMES EpGar, Commercial Engineer, Westinghouse Electric 
and Mtg. Со. ; res., 316 East End Ave., Pittsburg, Pa. Sept. 28, 1906 


MILLER, KEÉMrsTER B., Consulting Engineer, McMcen & Miller, 1454 
Monadnock Block, Chicago, Ш. Sept. 28, 1898 


MILLER, WALTER H., Manager Record Dept. (Phonograph) with Thomas 
A. Edison; res., 28 Mt. Vernon St., Orange, N. J. Sept. 27, 1901 


(27) 


ASSOCIATES. 127 


Miter, WILFRED AMRAM, Designer, Hadaway Electric Heating & Engi- 
neen,;g Co., 228 West Broadway, New York City. July 26, 1907 
Miter, WitLiAM Norton, Assistant Electrical Engireer, Detroit 


River Tunnel Co., Detroit, Mich. June 21, 1907 
MILLER, WiLLIAM WALKER, Electrical Draftsman, U. S. Naval Con- 
structors Office, Newport News, Va. jan. 26, 1906 
MILLS, CLARENCE VALENTINE, Marager ard Superintendert, Lowell & 
Fitchburg St. Railway Co., Ayer, Mass. Nov. 24, 1905 
MiLM Ow, ALBERT, Electrical Ет git cer, Gereral Electric Co., 203 Trust 
Buildirg. Charlotte, №. C. Oct. 28, 1904 
MILNE, GEoRGE G., Marager, Electrical Dept., Gould Storage Co., 341 
Fifth Ave., New York City. Jan. 29, 1904 


Min ani, Hajime, 2 Chome Kitahama, Osaka, Japan. Mar. 29, 1907 
MINE Harpt, Ernest HeNERY, Operator, New Milford, Power Co., 


Gavlordsville, Conn. June 21, 1907 
MINOR, Joun W., Jr., Secretary, Texas Fire Prevention Asso., 822 
Wilson Building, Dallas, Tex. Mar. 27, 1903 
MIS A K ү Se1zo, Chief Engineer and Superintendent, Harshin Elec. Railway 
Co., Nishiumeda-cno, Osaka, Japan. ` Dec. 27, 1899 
MIT C Fx ELL, CHARLES HAMILTON, Consulting Engineer, 1004 Traders Bank 
Building, Toroato, Ont. jan. 26, 1906 
MIT C EXELL, Guy K., Superintendent, Crook-Horner Co., 301 N. Howard 
St., Baltimore, Md. Dec. 28, 1906 
MITCH ELL, PauL E., General Superintendent Knoxville Railway & Light 
Co., Knoxville, Tenn. Sept. 28, 1906 
MITCHELL, RoBeErtT, Electrician, North Shore Railroad Co., Sausalito, 
Cal. Nov. 24, 1905 
MITCHELL, RoBERT Носн, Student, Polytechnic Institute; res., 8612 
Bay, 15th St., Brooklyn, N. Y. Nov. 23, 1906 
MITCHELL, WiLLIAM Epwarp, Electrical Engineer, Bahia Tramway 
Lt. & Power Co., Bahia, Brazil. Sept. 28, 1906 
MITCHELL, SipxEv Z., Vice-president, Electric Bord & Share Co., 62 
Cedar St., New York City. Nov. 12, 1889 
MIXER, CHARLES. ADAM, Civil ard Hydraulic Engineer, Rumford Falls 
Power Co., Rumford Falls, Me. Sept. 25, 1903 


MON ASCH, BERTHOLD, Electrical Ergireer, Allgemeine Elektristats- 
Gesellschaft, N. 4. Schroederstrasse 6, Berlin, Ger. Dec. 15, 1905 


MONEY pEeNNy, NELSON NORTH, Marager, Special Work Derartmert, 
Alberene Stone Co., 223 E. 23d St., New York City. Mar. 27, 1903 


Мом JO, DowiNco L., Westir ghouse Electric & Mfg. Co., 424 Rardolph 


Bldg., Memphis, Tern. Dec. 23, 1904 

Мох RATH, GUSTAVE, Consulting Engineer, 7 E. 42d St., New York City. 
Apr. 26, 1901 
MoN TAGU, RALPH LECHMERE, Consulting Engineer, Oroville, Butte 
Co., Cal. Feb. 26, 1896 
MONTELIUS, САРІ, Assistant Ergireer, Swedish State Railways, Oster- 
malmsg 48, Stockholm, Sweden. Feb. 23, 1906 
Mos TGomery, DupLEv, Vice- -president, Madison and Interurban Traction 
Co., Madison, Wis. cept. 28, 1906 
MONTIGNANI, Joun Ouıver, Assistart Ergireer, Rochester Railway Co.; 
res., 26 Phelps Ave., Rochester, N. Y. Mar. 23, 1906 
Moopy, Vircinius, DawiEL, Е. S. Pearson, 25 Broad St., New York 
City. Dec. 27, 1899 
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Моорү, WALTER SHERMAN, Designing Engineer, General Electric Co.; 


res., 3 Avon Road, Scherectadv, N. Y. Nov. 23, 1906 
Moore, CLIFFORD, THOMPSON, Electrician, U. S. Navy Yard, League 
Island, Pa. May 17, 1904 
Moore, GEonGE Ногмеѕ, Electrical Engineer, Kilbourne ard Clark Co., 
816 Terry Ave., Seattle, Wash. Jan. 25, 1907 


Moore, Hanorp THoMrsoN, Mechanical Engineer, Dodge & Day; res., 
4535 Pulaski Ave., Germantown, Philadelphia, Pa. Julv 19, 1904 
Moore, HENRY ALEXANDER, Engineer, The Canadian Bullock Electric 


Mfg. Co., 200 McKinnon Bldg., Toronto, Ont. June 19, 1903 
Moore, Henry DvBols ВАп„ЕҮ, Engineer, Western Electric Co.; res., 
1 West 72nd St., New York City. June 21, 1907 
Moore, Joun H., Electrical Equipment Station 4, Columbus Edison Co., 
res., 311 Arondale Ave., Columbus, O. Feb. 26, 1904 
Moore, Joun PEaABopy, Engireer, Keystone Construction Co., 509 
Traction Bldy., Indianapolis, Ind. Apr. 25, 1900 
Moore, PERCivAL, Vice-president ard General Manager, Louisville & 
Eastern К. R., Anchorage, Ky. Mar. 27, 1903 
Moore, STANLEY H., Director of Marual Training, McKinley High 
School, St. Louis, Mo. Jan. 29, 1904 


MoonE, WALLACE D., Mascot Oil Company, Maricopa, Cal. Nov. 25, 1904 
Moore, WiLLiAM Ј., Wiring Department, Consolidated Gas and Elec- 


tric Co., Youngstown, Ohio. Mar. 1, 1907 
Moore, WirLLiAM WASHINGTON, Manager Engineering Department, 
905 Title Guarantee Building, Birmingham, Ala. Jan. 25, 1907 


Mora, Marian Lovis, General Electric Co., 44 Broad St., New York City. 
А Маг. 20, 1895 

Moran, WiLLiAM M., Electrical Engineer, Chicago & Southern Traction 
Co., Chicago, Ill July 28, 1903 
MoRAWECK, Ау H., American Telephore & Telegraph Co., Boston, 
Mass. Apr. 23, 1903 
MoRbEv, WM. Morris, Consulting Electrician, 82 Victoria St., Grosve- 
nor Mansions, Westminster, Lordon, Eng. Sept. 22, 1891 
Мовроск, CHARLES T., Superintendent. Lighting ard Power Depart- 
ment, Terra Haute Electric Co., Terra Haute, Ind. Sept. 25, 1908 
Morecrort, Joun Haroun, Instructor, Syracuse University; res., 473 


Allen St., Svracuse, М. Y. Mar. 23, 1906 
MonEHEAD, J. M.. Engineer, Union Carbide Co., 157 Michigan Ave., 
Chicago, Ill. Mar. 28, 1900 
MoREHEAD, Roy ARCHIBALD, Engineer, Pacific Telephone ard Telegraph 
Co.; res., 622 5. Hill St., Los. Argeles, Cal. Mar. 29, 1907 


MonEHoUSE, H. H., Morehouse & Morrill, Chihauhau, Mex. 
Feb. 21, 1894 


Morsan, Canr Leon, With Simplex Electric Co., 110 State St.; res., 25 


St. Cecilia St., Boston, Mass. Jan. 24, 1902 
MorGan, Goprrey, Moody & Brisbare Bldg., 7 Grand Court, Buffalo, 
М. Y. Oct. 25, 1901 
MorGAn, JosEPH, Consulting Engireer, Cambria Steel Co., Westmont, 
Johnstown, Pa. Apr. 26, 1907 
MorGAN, THEODORE BLACKWELL, Transit Development Co., Kent Ave. 
and Rush St., Brooklyn, N. Y. Mar. 25, 1904 


MorGAN, THOMAS BERNARD, Electrical Engineer, Metropolitan Railway; 
res., 6 Greenhill Crescent, Harrow, London, Eng. Nov. 24, 1905 
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MoRGAN, WiLLIAM Duncan NicoLr, Chief Erg., Scottish Central Elec. 
Power Co., 34 North Bridge St., Edinburgh, Scotland. Dec. 28, 1906 


MorGANS, FRANK Davis, Member of firm, Н. L. Roper and Co; 


res., 501 Wyoming St., El Paso, Tex. Apr. 26, 1907 
MORGENSTERN, Отто LESTER, Student, Brooklyn Polytechnic Institute; 
res., 77 Sumner Ave., Brooklyn, N. Y. june 21, 1907 
Morita, Kapzuo, Engineer, 15 Kitaigacho Yotsua, ur japan. 
ec. 18, 1903 
Moritz, CHARLES HorLAND, Construction Engineer, Aluminum Co. of 
America, Niagara Falls, N. Y. Dec. 19, 1902 
Мові, Richard Gilbert, Engineering Dept., New York Telephone Co., 
15 Dey St., New York City. Apr. 28, 1905 
MORLEY, EpcaR L., Supt. Hatzel & Buehler, 571 Fifth Ave., New York 
City. Sept. 25, 1805 
MoRRELL, Harry B., Foreman Meter Department, New York, Queens 
Light and Power Co., Jamaica, L. 1., N. Y. june 21, 1907 
MoRRILL, EDWARD Francis, Central Union Telephone Co., Springfield, 
Feb. 28, 1902 
MORRILL, THOMAS LEONARD, Electrical Engireer, Compania de Potencia 
Electrica de Colima, Colima, Mex. Aug. 17, 1904 
MonRiLL, WILLIAM CHARLES, Manager, Chas. Morrill, 277 Broadway; 
res., 24 W. 83d St., New York City. Jan. 23, 1903 


Morris, A. SAUNDERS, Engineer, 1501 So. Front St., Philadelphia, Pa. 
June 15, 1904 


Morris, Davip Kine, Lecturer, The University, Birmingham, Eng. 


ov. 25, 1904 

Morris, Harvey, L., Salesman, Northern Electric Mfg. Co., Madison, 
Wis. Jan. 23, 1903 
Morris, JOHN WirriAM, Electrical Superintendent, The Reid Newfound- 
land Co., St. Johns, Newfoundland. Aug. 22, 1902 
Morris, THOMAS ARTHUR, Electrical Engineer, Wonderland Co.; res., 239 
W. 44th St., New York City. June 14, 1905 
MORRISON, ARCHIBALD, Bostwick, JR., Salesman, S. M. Jones Co., 224 
12th St., Toledo, O. Nov. 24, 1905 
Morrison, J. FRANK, Consulting Engineer, 317 N. Paca St., Baltimore, 
Md. Apr. 15, 1884 
Morrow, Bryce EuGENE, Manager Operating Dept., Hudson River Water 
Power Co., Glens Falls, N. Y. Mar. 25, 1904 
MORSE, ARTHUR CurRTIS, Technical Salesman, Western Electric Co., 463 
West St., New York City. Mar. 1, 1907 


Morse, ERNEST CADWELL, Sales Engineer, Westinghouse Electric and 
Mfg. Co., Boston: res., 11 Dix St., Worcester. Mass. Mar. 1, 1907 
MorsE, LEoPoLD GEORGE EsMoNp, 14 Airlie Gardens, W. London, Eng. 
Nov. 25, 1904 
Morse, PERSE ABRAM, Manager Apparatus Department, Western Elec- 
tric Co., 810 Spruce St., St. Louis, Mo. Mar. 23, 1906 
MorTIMER, JAMES D., Engineer, Electric Bond and Share Co., 62 Cedar 
St., New York City. Mar. 28, 1900 
Morton, ALEX AMERTON, Ft. Wayne Electric Works, 623 Marquette 
Building, Chicago, Ill. June 15, 1904 
Moses, Percy LAWRENCE, Assistant Engineer, Stone and Webster Engi- 
neering Corporation, 147 Milk St., Boston, Mass. Apr. 26, 1907 
Moses, Rvurvs Pace, Electrician, 526 National Ave., San Diego, Cal. 
Nov. 25, 1904 
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MOSMAN, CHARLES Ty Ler, Electrical Engireer, Gereral Electric Co., 84 


. State St., Boston, Mass. May 19, 1903 
Moss, CHARLES MacLean, Electrical Ergireer, Westirgkouse Electric & 
Mfg. Co.; res., 7728 Kelly St., Pittsburg, Pa. Dec. 15, 1905 


Mossay, PauL ArPuoNsE, Chief Ergireer, Nord Deutscke Maschiren & 
Armature Fabrik, Elek. Abtlg., Bremen, Ger. May 19, 1903 
Mosscrop, WM. A., M.E., Electrical Ergireer, 875 Sterling P1., Brooklyn, 
N. Y. May 7, 1859 

Mott, FREDERICK ALLEN, Marager, Wheeler-Green Electric Co., Syracuse, 
N. Y. July 28, 1903 

Mott, WALTER, General Foreman, Phoenix Electric Co., Marsfield, Ot io. 
May 15, 1905 

Mountain, JOHN THEODORE, Load.Despatcher, Chicago Edison Co., 139 
Adams St.; res., 409 E. Huron St., Chicago, Ill. Mav 17, 1904 


MovssELET, MARCEL EvGENE, Electrical Engineer, Westinghouse Electric 
and Mfg. Co., Pittsburg, Pa. Mar. 29, 1907 


MowBRAY, WiLLiAM J., Assistant Electrical Ergireer, Narragarsett 
Electric Lightirg Co., Providerce, R. I. Nov. 20, 1903 


Moyer, JAMES AMBROSE, Ergireer, Westirgkouse, Church, Kerr & Co., 
10 Bridge St., New York City. July 26, 1907 
Mupce, ARTHUR LANGLEY, Allis-Chalmers-Bullock Ltd., Mortreal, Can, 
Mar. 22, 1901 

МорсЕ, CHarLes A., Electrical Ergireer, Railway Ergireerirg Dept.. 


General Electric Co., Schenectady, N. Y. Feb. 27, 1903 
MUHLHEIZLER, Louis, Chief Ergireer, Pittsburg ard Allegheny Telepbore 
Co.; Allegheny, Pa. N Apr. 27, 1906 
MUIRHEAD, JAMES, Assistant Desigrirg Engireer, British Thomson 
Hou:to 1 Co., Ltd., Rugby, England. i May 21, 1907 
MULLEN, THOMAS JAMES, Superirtendent of Construction, Allis-CFalmers- 
Bullock, Ltd., Mortreal, Que. Mar. 27, 1903 
MuLLER, ERNEST WELCH, Technical Assistant, C. О. Mailloux, 76 William 
St., New York City. Oct. 27, 1905 
Mutter, Henry Nikora, Electrician, Allegheny County Ligl t Co.; res., 
7217 Mt. Verron St., Pittsburg, Pa. May 17, 1904 
MULLIGAN, WALTER Lyon, Marager, United Electric Lig! t Co., Sprirg- 
field, Mass. Feb. 28, 1902 
MuNDY, AMBROSE, Marine Engine & Machine Co., 126 Liberty St., New 
York City. Jan. 23, 1903 
Munroe, GEORGE Есвевт, Electrical Engineer, 10 Avery St., Westfield, 
Mass. Feb. 23, 1906 
Munroe, WILL S., Superirterdert of Wirirg, Store ard Webster, 6th 
ar.d Ohio Sts., Terre Haute, Ind. Jure 21, 1907 
Murvock, Henry De tos, Superirterdent, 52d St. Shop, В. R. T.; res., 
682 Eastern Parkway, Brooklyn, N. Y. Jan. 23, 1903 


Munacas, ЈоѕЕРН, Inventor, 601 No. Main St., Wilkesbarre, Pa. 
Sept. 28, 1906 


Murpuy, EpwARD Mason, Moscow, Idako. Apr. 27, 1906 
Murpuy, EpwiN J., Works Marager, Kelvin & Jas. White, Ltd., 18 Cam- 
bridge St., Glasgow, Scotlar.d. Mar. 28, 1902 
Murpuy, E. VERNON, 319 Equitable Bldg.; res., 2502 Madison Ave., 
Baltimore, Md. Aug. 17, 1904 
Murpuy, Francis Hayes, Professor of Electrical Engireerirg, Higt lard 
Park College, Higliland Park, Des Moines, Ia. Apr. 26, 1907 


(27) 


ASSOCIATES. 131 


MvnPHY, GEonRGE R., Engireer, 2699 Union St., San Francisco, Cal. 
Apr. 25, 1902 


Murpuy, JAMES Epwarp, Brooklyn Rapid Transit Co.; res., 8414 Fort 


Hamilton Ave., Brooklyn, N. Y. Dec. 28, 1906 
MunPHY, Јонх 7., Chief Engineer, Chicago Union Traction Co.; res., 
1943 Lexirgton St., Chicago, Ill. Sept. 25, 1903 
MURPHY, PATRICK JosEPH, Electrical Engireer, Ford, Bacon, ard Davis 
24 Broad St., New York City. Mar. 1, 1907 
MURRAY, ALEXANDER Ермом, Electrical Engineer, 513 Calle Cuyo. 
Buenos Aires, Arg. Rep. Jan. 27, 1905 
Murty, Harry ЕА, Superintendent, Shamokin Light Heat ard Power 
Co., Shamokin, Pa. Jur.e 21, 1907 
MvsiL, Louis FREDERICK, Н. L. Doherty and Co., 60 Wall St., New York 
City. Apr. 26, 1907 


Musser, Marc James, Engireerirg Department, Terra Наша, Indian- 
apolis & Eastern Traction Co., Terra Hauta, Ind. Mar. 1, 1907 


MvsrTARD, Jonn, Marager, Wagrer Electric Mfg. Co., 1617 Real Estate 


Trust Bldg., Philadelphia, Pa. Apr. 22, 1904 
Myers, ALFRED Rusu, Electrical Engineer, Buffalo & Lake Erie Traction 
Co., Buffalo, N. Y. Jan. 29, 1904 


Myers, Eart Cotman, Haenig Electric Co., Springfield, Ill. Mar. 1, 1907 
Myers, FREDERICK WILLIAM, Superinter dert, Ur.dergrourd Cables, Alle- 


gheny Co. Light Company, Pittsburg, Pa. sept. 26, 1902 
Myers, RoMAINE WniGur, Electrical Engireer, 3205, 14th St., Fruitvale, 
Cal. july 19, 1904 
Мүк, PauL Jupson, Vice-president and General Manager, Canadian 
Westinghouse Co., Hamilton, Ont. Jan. 25, 1907 
NacHOD, Cari Pivany, President, United States Engineering Co., Room 
614, 1929 Chestnut St., Philadelphia, Pa. Mar. 29, 1907 
NAGEL, WILLIAM G., Presidert ard Manager, The W. С. Nagel Electric 
Co., 28 St. Clair St., Toledo, Ohio. Feb. 27, 1903 
Namba, M., Professor of Electrical Engineering, University of Kioto, 
Kioto, Japan. Apr. 26, 1899 
NAPHTALY, SAM L., Asst. Ergireer, San Francisco Gas & Electric Co., 
1770 Pacific Ave., San Frarcisco, Cal. Aug. 23, 1809 


NasH, LvrHER Roserts, Electrical Engineer, Stone & Webster Eng- 
ineering Corporation, 147 Milk St., Boston, Mass. Mar. 27, 1903 


NATH, BANGALORE DvaRAKA, Bangalore City, British India. 
Mar. 25, 1904 


NATHAN, WILFRED McDowELt, Electrician, United States Gypsum Co., 


Oakfield, N. Y. Mar. 29, 1907 
NAUCLER, RHEINHOLD, Electrical Ergireer, 4 Mosebacketorg, Stockkolm, 
Sweden. july 28, 1903 
NAUTRE, Lovis CHARLES FEUILLIARD, Test Expert, with Morton Havens, 
Jr., 79 Chapel St., Albany, N. Y. Apr. 27, 1906 
NEALL, NEWITT Jackson, Corsultirg Electrical Engireer, 12 Pearl St., 
Boston; res., 73 Cedar St., Roxbury, Mass. Oct. 23, 1908 


NEEL, ASHBEL, CaLoway, Jackson, Gas Light Co., Jackson, Miss. 
Sept. 22, 1905 


NEELY, JOHN Crossy, Electrical Ergireer, The Arrold Co., Borlard 
Bldg., 181 La Salle St., Chicago, Ш. Nov. 24, 1905 


NEILSON, JOHN, Consulting Electrical Engireer, Bates & Neilson, 42 
Broadway, New York City; res., Larchmont, М. Y. May 18, 1897 
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NESBIT, ARTHUR FLEMING, Professor of Physics and Electrical Engineer- 


ing, New Hampshire College, Durham, N. H. jan. 25, 1907 
NEIMAN, WiLLIAM FRANKLIN, Power Solicitor, San Francisco Gas and 
Electric Co., San Francisco, Cal. jure 21, 1907 


NEesBiT, JoSEPH NEWTON Gray, Professor, Dept. Experimental Engi- 
neering, Georgia School of Technology, Atlanta, Ga. Nov. 22,1901 


NESBIT, WILLIAM, Electrical Engineer, Westinghouse E. & M. Co., 11 


Pine St., New York City. Oct. 24, 1902 
NEURATH, Morris M., Electrical Engireer, Room 603, 87 Nassau, St., 
N. Y. Feb. 28, 1900 


NEviTT, Irvine HEWakD, Tester, 46 Bloor St., W. Toronto, Ont. 
Apr. 28, 1905 
NEWBOLD, ROGER MERRICK, Electrical Engineer, Adams and Westlake 
Co., 110 Ontario St., Chicago, Ill. June 21, 1907 


NEWBERY, JORGE, General Director, Electrical Works and Public Light- 

ing, 350 Moreno, Buenos , Aires, А. R. Nov. 25, 1904 

NEwBURY, F. J., Manager, Insulated Wire Department, John A. Roebling's 

Sons Co., Trenton, N. J. Sept. 23, 1896 
NEWCOMB, Ковент Соок, Pensacola Electric Co., Pensacola, Fla. 

Sept. 28, 1906 

NEWELL, FRANK CLARENCE, Mutograph Corporation, Citizen's Building, 


Cleveland, Ohio. Jan. 3, 1902 
NEWELL, FRANK Lonp, Electrical Engineer, 1 Madison Ave., New York 
City. Mar. 27, 1903 
NEWELL, FREDERICK WILLIAM, Assistant Electrical Engineer, Otis 
Elevator Co., Philadelphia, Pa. Nov. 21, 1902 
NEWELL, HanvEv Epcar, India Rubber and Gutta Percha Insulating 
Co.; res., 11 Lincoln Terrace, Yonkers, N. Y. Sept. 25, 1903 
NEWMAN, MorTIMER Lewis, Master Electrician, Department of Yards and 
Docks, Navy Yard, New York City. Apr. 22, 1904 
NEWMAN, Leroy L., Inspector, Pennsylvania Railroad Co., 314 Delaware 
Ave., М. E., Washington, D. C. Mar. 29, 1907 


Newton, HENRY CLEMENT, Manager, British Insulated & Helsby Cables, 
Ltd.; res., 493 Collins St., Melbourne, Australia. Sept. 28, 1906 
NEWTON, NED EARNEST, Engineer, Western Electric Co., 463 West St., 
New York City. Dec. 18, 1903 
NEWTON, SAMUEL Oscar, North Pitcher, N. Y. Sept. 25, 1903 
NEXSEN, RANDOLPH Harrrpay, Electrical Engineer, 34 Beekman St., New 
York City; res., 302 St. James PL, Brooklyn, N. Y. Nov. 21, 1902 
NICHOLS, CHARLES KETCHAM, Agent, New York Edison Co., 55 Duane St.; 


res., 706 Union St., Brooklyn, N. Y. Apr. 23, 1908 
NICHOLS, CHARLES STEARNS, Electrical Engineer, Topaz Mining Co., 
Blufields, Nicaragua, C. A. Mar. 24, 1905 
NICHOLS, GEORGE Brown, Electrical Draughtsman, Board of Education, 
Park Ave.. and 59th St., New York City. Apr. 26, 1907 
NiciuoLs, Lovis CHAR es, Electrical Engineer, 2267 Jefferson Ave., South 
Norwood, Ohio. Feb. 28, 1902 
NICHOLSON, CHARLES Marton, Engineer, Test Dept., Bullock Electric 
Mfy. Co., Cincinnati, Ohio. Jan. 23, 1903 
NICHOLSON, отур CARLTON, Iroquois Construction Co., Fidelity Bldg., 
Buffalo, N. Y. May 17, 1904 


NICHOLSON, SAMUEL L.. Manager Industrial and Power Dept., Westing- 
house Elec. & Mfg. Co., Pittsburg, Pa. шлу 26, 1900 
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NicoLL, GEoRGE D., Indianapolis and Cincinnati Traction Co., Rushville, 
Ind. Mar. 27, 1903 


NIELSEN, AXEL, Inspector, Westinghouse Electric and Mfg. Co., 517 
Fidelity Building, Buffalo, N. Y. Apr. 26, 1907 


NIELSEN, JULIAN JacoB, Draughtsman, J. L. Schureman Co.; res., 649 
Irving Park Blvd., Chicago, Ill. Dec. 28, 1906 


Nies, Jonn Derk, Instructor, Lewis Institute, Chicago, Ill. Feb. 24, 1905 
NiESZ, HoMER ELDREDGE, Assistant to Second Vice-president, Chicago 


Edison Co., 139 Adams St., Chicago, Ill. Oct. 25, 1901 
NIETHAMMER, FREIDRICH, Professor of Electrical Engineering Technische 
Hochschule, Brünn, Austria. Feb. 27, 1903 
NICKELS, CHARLES BURTON, Assistant to General Manager, Toledo Gas, 
Electric and Heating Co., Toledo, O. Mar. 1, 1907 
NiKoNow, JOHN PauL, Engineering Department, Westinghouse Electric 
Co., Pittsburg, Pa. Mar. 14, 1906 
NILES, ELi0T WRIGHT, S AME Department American Telephone & 
Telegraph Co., 15 Dey St., New York City. Feb. 23, 1906 
Nimis, ALBERT A., Electrical Contractor, Nimis & Nimis, 314 Madison 
Ave., New York City. Aug. 13, 1897 
Nims, FREDERICK D., Chief Operating Engineer, Mexican Light ard 
Power Co., Mexico City, D. F. Mex. Jan. 25, 1907 


NISHIKAWA, К1КЕ1, 8 Kagwiaoka, Yoshida St., Kyoto, Japan 
Apr. 22, 1904 


NISHIZAKI, SuMro, Chief Electrical Engineer, Furukawa Mine Bureau, 
Katsuno Chikuzen, Japan. Sept. 28, 1906 


NixoN, GEoncE, Copartner, Nixon and Kimmel, 327 Wall St., Spokane, 
‘Wash. Jure 21, 1907 


NOBLE, GROVER CHESTER, Assistant in Electrical Engineering, University 
of California, Mechanics’ Building, Berkeley, Cal. Dec. 19, 1902 


NoBLE, Guy HINCHMAN, Salesman, Stanley, G. I. Electric Mfg. Co., 42 
Broadway, New York City; res., Somerville, N. J. july 19, 1904 


NOBLE, IRVINE Morrison, Operating Department, Gould Storage Battery 


Co.; 341 Fifth Ave., New York City. Apr. 26, 1907 
NoBLE, JOHN HINCHMAN, 232 West 131st St., New York City. 
Mar. 24, 1905 
NoDELL, WILLIAM LEON, Student, Brooklyn Polytechnic Institute; res., 
243 South 4th St., Brooklyn, N. Y. Jan. 25, 1907 
NoE, JAMES Bryan, The New York Edison Co., 55 Duane St., New York 
City; res., 29 Elm St., Elizabeth, N. J. June 19, 1903 
NoEGGERATH, JAcoB Еми, Engineer, General Electric Co.; res., 409 
Union St., Schenectady, N. Y. Mar. 27, 1903 
NorRBERG, SVEN, Electrical Engineer, Allmanna Svenska, Elektriska, 
Aktiebolaget, Westeras, Sweden. Feb. 24, 1905 


Norcross, ARTHUR FLovp, 704 Westover Ave., Schenectady, N.Y. 
Apr. 26, 1907 
NORDSTRUM, LAUREN Date, Electrical Engineer, Engineering Dept. 


Ft. Wayne Electric Works, Ft. Wayne, Ind. Oct. 28, 1904 
NonRis, MARVIN L., Draftsman, Fort Wayne Electric Works, Fort 
Wayne, Ind. June 21, 1907 
NoRTH, Сиверт, Electrical Engineer, British Westinghouse E. & M. Co. 
Trafford Park, Manchester, Eng. Sept. 25, 1903 
NoRTHMORE, EMANUEL RICHARD, Superintendent, Los Angeles Gas and 
Electric Co., Los Angeles, Cal. Apr. 26, 1907 
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Мовтнкор, Epwin FircH, The Leeds & Northup Co., 4901 Stenton Ave., 
Philadelphia, Pa. Sept. 27, 1901 
NoRTHRUP, Epwin S., Electrical Draftsman, Municipal Buildirg, За Ave. 
& 177th St., New York City. cept. 28, 1906 
Norton, WILLIAM Jonn, Manager, Malcolm W. Hill Co., 317 W. 42d St., 
New York City. May 17, 1904 
Мотом:, Iwaicur, Chief Engineer, Electrical Designing Department, Shi- 
baura Ergineering Works, Shibaku, Tokyo, Japan. Dec. 18, 1903 
Nott, ELIPHALET, Foreman Sub-station, Interborough Rapid Transit 


Co., New York City. Apr. 27,1906 
NowELL, JOHN CHASE, Superinterdent of Plant, Bell Telephone Co., 
17th and Filbert Sts., Philadelphia, Ра. Apr. 26, 1907 
NowLAN, Epwarp ALonzo RossEAu, Telephone Engineer, Western Elec- 
tric Co., 259 South Clinton St., Chicago, Ill. June 21, 1907 
Now an, BreTE Cassius, Installation Department, Western Electric Co., 
Chicago, Ill.; res., Havelock, Ia. Mar. 29, 1907 


Noxon, C. Per Lee, Manufacturer, High-Frequency X-Ray Apparatus, 
Dynamos & Motors, 500 E. Water St., Syracuse, N. Y. Oct. 17, 1894 


Noyes, Ernest Hicu, Manager of Chicago Office, The Pittsburg Reduc- 


tion Co., 158 La Salle St., Chicago, lll. Sept. 25, 1903 
Noyes, FRANK ALBERT, Assistant Electrical Engineer, Rio Janeiro Light 
and Power Co., Rio Janeiro, Brazil. Apr. 26, 1907 


Nunn, КїснАвр J., M. D., 5 York St. East, Savannah, Ga. July 12, 1887 
NunGiAN, Kerson, Engireerirg Department, Missouri Pacific Railway 


Building, St. Louis, Mo. May 17, 1904 
NuTTER, CoLEMAN Evaw, Electrical Engineer, Atchison, Topeka & 
Santa Fe Railway, Topcka, Kan. Apr. 28, 1905 

» NurTER, Epwarp Нот, Assistant Superintendent, Liberty Bell Mire 
Telluride, Col. Feb. 23, 1906 

Nye, RarprH Doupna, Correspondent, Westinghouse Electric and Mfg. 
Co., New England Building, Cleveland, Оліо. Sept. 28, 1906 
NvHAaN, J. T., Superintendent and Electrician, Macon Electric Light ard 
Railway Co., Macon, Ga. Feb. 27, 1895 
OAKMAN, Henry B., Sales Engineer, Bullock Electric Co., 39 Cortlardt 
St., New York City; res., Linden, N. J. June 21, 1907 
OBEAR, GEORGE Barrows, Instructor in Mathematics, Brown Univer- 
sity, Providence, R. I. Nov. 20, 1903 
O'BEIRNE, Epwarp, J. Contracting Engineer, 201 Cotton Exchange 
Building, New Orleans, La. Sept. 28, 1906 


O'BRIEN, ALBERT DarraM, Weed Manufacturing Co., Wilmington, №. C. 
Nov. 22, 1901 

O'Bryan, Francis L., Asst. to Electrical Engineer, Boston, and Worces- 
ter Street Railway Co., South Framingham, Mass. Jan. 27, 1905 


Оснѕ, SAMUEL O., 355 Bovlston St., Boston, Mass. May 15, 1905 
ODELL, THOMAS GARLAND, Western Electric Co.; res., 856 W. Jackson 
Boulevard, Chicago, Ш. Jan. 26, 1906 


O’Donovan, Leo J., Consulting Engineer, Reis & O'Donovan, 1123 
Broadway; res., 268 West 9Ist St., New York City. Apr. 25, 1902 


"OESTERREICHER, SANDOR, IGNATI, Electrical Draftsmen, New York 


Edison Co., New York City Mar. 1, 1907 
O'FARRELL, RicHaRD WiLLiAM, Clerk, Cordoba Electric Light and 
Power Co., Cordoba, Argentine Republic. | June 21, 1907 
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OFFUTT, ANDERSON, B.S., E.E., Electrician, Barnes-Offutt, Construction 


Co., Ltd., 634 Gravier St., New Orleans, La. May 15, 1900 
OFVERHOLM, Ivan, Electrical Engineer, Swedish State Railways, Dala- 
gatan 56 A, Stockholm, Sweden. Feb. 23, 1906 
OGDEN, KarRL RANDALL, Field Ergineer, Central District ard Prirtirg 
Telegraph Co., Pittsburg, Pa. Dec. 28, 1906 
ОсгЕ, Јонм Howarp, Electrical Engineer, Bell Telepkore Co., 3844 
Olive St., St. Louis, Mo. Mar. 25, 1904 
O'HEnN, JaMes Henry, JR., Phoenix Iron Works, 1011 Walrut St., 
' Boulder, Colo. Mar. 24, 1905 

O1 Saitaro, Chief Engireer to the Bureau of Posts and Telegraphs, The 
Ministry of Communications, Tokyo, Japan. Dec. 28, 1898 
OKEY, PERRY, Superintendent, Columbus Municipal Electric Light Plant; 
res., 89 West Ave., Columbus, Ohio. Apr. 23, 1903 
OrpHAM, WILL Hanorp, Draughtsman, Electrical Department, Cambria 
Steel Co., Johnstown, Pa. Oct. 23, 1803 


OLHEISER, WILLIAM WEAVER, General Supt., Eastern Telepkore & Tele- 
graph Co., 3d and Federal Sts., Camden, N. J. Apr. 23, 1608 


OriN, Epwin Mason, Engireer Foreman in charge destine DLepartmert 
Westinghouse E. &. M. Co., Pittsburg, Pa. eb. 27, 1903 


OLIVETTI, CAMILLO, Ingegrere Industriale, Ivrea, Italy. Oct. 17, 1892 
OLMSTED, ELMER SHERIDAN, Electrical Assistant Boston Elevated Ry. 


Co., 552 Harrison Ave., Boston, Mass Sept. 28, 1906 
OLMSTEAD, HARRY WILLIAM, Electrical Inspector, with Fremort Wilson, 
Hackensack, N. J. May 19, 1903 


OLNEY, УУпллАМ Mairs, Ass't. to Division Equipment Engineer, N. Y. 
and N.J. Tel. Co., 409 Clinton Ave., Brooklyn, N. Y. Jan. 25, 1907 


OoLGAARDT, J. J., Electrical Engireer (Foreign Dept.), Gereral Electric 
Co.; res., Edison Hotel, Schenectady, N. Y. Apr. 25, 1900 


ORBELL, RoBERT HucH, Adams Mfg. Co., Ltd., Bedford, Erg. 
May 20, 1902 


ORBIN, FRANK, Carregie Techrical School, Sckerley Park, Pittsburg Pa. 


Jan. 23, 1903 

O'REILLY, ANDREW J., President, Board of Public Improvemerts, 1507 
Papin St., St. Louis, Mo. Apr. 23, 1903 
ORMSBEE, ALEX. F., Electrical Ergireer, with N. Y. ard N. J. Telephore 
Co., 81 Willoughby St., Brooklyn, N. Y. June 27, 1895 

Orr, Harry ALLEN, President, Savannah River Power Co., -Arderson, 
S. C. Mar. 25, 1€04 


Оѕвокх, Hanorp, Arthur Frantzen, 92 W. Van Buren St., Chicago, Ill. 
Oct. 28, 1904 


Os BORN, JoSEPH Àvcvusrvs, Electrical Engireer, American Car & Fourdry 
Co., Lincoln Trust Bldg., St. Louis, Mo. Apr. 27, 1°06 


OSBORNE, GEORGE FREDERICK FOLGER, 221 George St., Tororto, Can. 
Mar. 27, 1903 


OsBoRNE, IrvinG H., Electrical Draughtsman, Newport News Shipbuild- 


ing and Dry Dock Co., Newport News, Va. jure 14, 1©05 
OSBORNE, LovALL ALLEN, Marager of Works, Westinghouse Electric ard 
Mfg. Co., Pittsburg, Pa. Oct. 18, 1893 
OsBORNE, MARSHALL, Engireer, 10St. Peters Road, Harbourre, Birmirg- 
ham, Eng. Apr. 25, 1900 
OscHMANN, WILLIAM OrivEgR, Electrical Ergireer, Oliver Поп & Steel 
Co., Pittsburg, Pa. Jan. 25, 1907 
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Oscoop, Farley, General Superintendent Distribution, P. S. C. of N. J., 
207 Market St., Newark St., N. J. June 14, 1905 


Оѕсоор, Harry WHITNEY, Assistant Electrical Engir eer, Store ard Web- 
ster, 84 State St., Boston, Mass. June 21, 1907 


Оѕсоор, Isaac, Inspector, Underwriters Burcau of New Englard; 93 
Water St., Boston, Mass. Apr. 26, 1907 


O'Snga, John Edmund. Assistant Superir.ter.dent, Waterbury & Co., 42 
Graham St., Brooklyn, N. ү. Feb. 24, 1905 


OsHIMA, Hiroyosut, Electrical Engireer, Osaka Electric Light Co., 


Osaka, Japan. Apr. 28, 1905 
OskAMP, Howanp EaRnrL, Standard Electric Construction Co., Roches- 
ter, N. Y. Feb. 23, 1906 
OsTHorP, Отто Earnest, Electrical Engireer, Н. M. Byllesby & Co., 420 
New York Life Building, Chicago, lll. May 17, 1904 
OswaLp, HERMAN Henry, Hudson River Elec. Power Co., Glers Falls, 
N. Y. Nov. 20, 1903 
ОтАКІ, TEISHIRO, Suiritimucho, Kyoto, Japan. May 14, 1906 
Oris, Henry Batty, Manager, Cutter Electrical and Mfg. Co., 636 
Marquette Bldg., Chicago, Ill. Apr. 26, 1907 
OTTEN, Dr. Jan D., Director, Batavia Electrische Tram-Maatschappr, 
Heerenqracht, 259 Amsterdam, Holland. Nov. 18, 1890 
Отто, FREDERICK ARTHUR, Asst. Superintendent, St. Paul Gas Light 
Co., 1064 Hague Ave., St. Paul, Minn. Oct. 26, 1906 
OviatT, WESLEY THORNTON, General Superintendent, Narragansett 
Electric and Lighting Co., Providence, R. I. Apr. 27, 1906 
OviNGTON, EARLE Lewis, President, Ovington Motor Co., 2234 Broadway 
New York City. Apr. 22, 1904 
OwEN, LLEWELYN, Assistant Supt., Peoria Gas and Electric Co.; res., 
407 Ellis St., Peoria, Ill. Nov. 25, 1904 
Owen, Percy THoMas, Inspector Gereral of Works, Commor.wealth 
Offices, Russel St., Melbourne, Australia. Aug. 17, 1904 
PACKARD, LEONARD WARREN, Assistant Engireer of Meter Departmer t, 
General Electric Co., Lynn, Mass. Apr. 23, 1903 
PAGE, А. D., Assistant Manager, General Electric Co. Lamp Works, 
Harrison, N. J. Jan. 19, 1892 


PaGE, ERNEST FREDERICK, Electrician, Corporation Electric Light Wks.; 
s., 6 Kelvin St., Gardens, Cape Town, S. A. Sept. 22, 1905 


PauL, Аусоѕт Jurivs, with California Gas & Electric Corp., 1121 E. Mirer 


á Ave., Stockton, Cal. Dec. 23, 1904 
Paine, ELLERY BunroN, [Local Secretary], Asst. Prof. Elec. Engineering. 
University of Illincis, Urbana, lll. Aug. 17, 1904 
PAINTER, GEORGE M., Contractor, 77 Jackson Blvd., Chicago, Ill. 
Sept. 28, 1906 
PALMER, ALBERT NICKERSON, Electrical Engireer, Phillips Insulative 
Wire Co., Pawtucket, R. I. ec. 28, 1906 
PALMER, AUSTIN PHELPS, Student, Columbia University, New York; 
s., 216 Clinton Ave., Brooklyn, N. Y. Aug. 25, 1905 
PALMER, D, AroNzo, Superintendent, Compania Anonima de Redes 
Telefonicas de Ponce; Ponce, Porto Rico. Oct. 25, 1901 


PALMER, Harry MITCHELL, Mechanical ard Electrical Engireer, Westing- 
inghouse Electric and Mfg. Co., Pittsburg, Pa. Dec. 19, 1902 


PaLMER, Lew RvssEL, Assistant Electrical Superintendent, Jones and 
Laughlin, Steel Co.; Pittsburg, Pa. Sept. 28, 1906 
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PaLMER, Ray, Secretary, Hendel Wire Brush Co., 317 Milwaukee St., Mil- 
waukee, Wis. Sept. 22, 1905 
PALMER, WILLIAM HENRY, JR., Electrical Engireer & Asst. to President, 
N. Y. Transp. Co., 815 8th Ave., New York City. May 20, 1902 


PANTER, THOMAS ALFRED, Ontario Power Co., Ontario, Cal. Sept 25, 1903 
PaRDEE, HARVEY Sasin; I. W. D. Dept., John A. Roeblings Sons Co., 


Trenton, N. J. Jan. 25, 1907 
PARK, ALBERT E., General Marager, Des Moines Winteser and Creston 
Elec. Railway Co., Des Moires, Iowa. Oct. 26, 1906 
Park, Henry BicHam, General Electric Co.; res., 7 N. College St., 
Schenectady, N. Y. June 14, 1905 
PARKE, ROBERT AuGuSTUS, Special Agent, Westinghouse Air Brake Co., 
634 Endicott Building, St. Paul, Minn. Jan. 23, 1903 
PARKE, RopERICK J., Consulting Electrical Engineer, 52 Јагеѕ 
Building, Toronto, Can. July 26, 1900 


PARKER, HERSCHEL C., Ad:. Prof. of Physics, Columbia University, New 
York City; res., 21 Fort Greene P1., Brooklyn, N. Y. Apr. 19, 1892 


PARKER, HOMER CHARLES, Salesman, Starley G. I. Electric Mfg. Co., 69 


New Montgomery St., San Francisco, Cal. Sept. 25, 1903 
PARKER, JOHN CASTLEREAGH, 34 Clinton Ave., North, Rochester, N. Y. 
Aug. 17, 1904 


PARKER, Linpsay R., 345 State St., Brooklyn, N. Y. Sept. 27, 1901 
PARKER, RALZEMOND DRAKE, Instructor in Electrical Engineering, Uni- 


versity of Michigan, Ann Arbor, Mich. Jan. 25, 1907 
PARKHURST, CHARLES WILLIAM, Superintendent of Electrical Department, 
Cambria Steel Co., Johnstown, Pa. Sept. 27, 1901 


PARKIN, FREDERICK JAMES, Construction Foreman, Canadian Gereral 
Electric Co.; res., 857 Kirg St. W., Toronto, Ont. Feb. 26, 1904 


ParkKS, COLEMAN CLYDE, Store and Webster Engineering Corp., Terra 
Haute Savings Bank Bldg., Terra Haute, Ind. Oct. 23, 1903 


ParMLy, C. Howanp, S.M., E.E., College of the City of New York, 17 


Lexington Ave., New York City. Feb. 21, 1893 
Paroni, HiPPoLvTE, Engineer, 10 Rue de Londres, Paris, France. 
Sept. 26, 1902 
Parrott, RoBERT PARKER, Electrical Expert, Grey Natioral Telauto- 
graph Co., New York City. Aug. 17, 1904 
Parry, Evan, Engineer Н. F. Parshall, Salisbury House, London Wall, 
London, Eng. Sept. 25, 1895 
Parry, RicHARD W., Chief Engineer, Scioto Valley Traction Co.; res., 
293 Rienhard Ave., Columbus, O. May 14, 1906 


PARSELL, Henry V. A., Electrical and Mecharical Designing and Experi- 
mental Work, 129 W. 31st St., New York City. Nov. 12, 1889 


PARSHALL, AUGUST, Commercial Ergireer, Supply Dept., General Elec- 


tric Co., 44 Broad St., New York City. Oct. 24, 1900 
Parsons, CHARLES Epwarp, Chief Engineer, Hudson River Electric 
Power Co., 82 State St., Albany, N. Y. June 14, 1905 
Parsons, Georce, Secretary, Smith Improved Lock Nut Co., Inc. 
Rockford, Ill. Dec. 15, 1905 
Parsons, PuiriP Doucias, Telephone Engineer, Western Electric Co., 
463 West St., New York City. June 21, 1907 
PARTRIDGE, WARREN, Public Service Corporation of New Jersey, 207 
Market St., Newark, N. J. Nov. 25, 1904 
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PATERSON, FREDERICK WILLIAM, Sales Ergireer, Starley Electric Mfg. 


Co.; res., 39 Dalton Ave., Pittsfield, Mass. Mar. 24, 1905 
PATTEN, GEORGE Homes, President, Truxal-Painter Mfg. Co., Cratta- 
nooga, Tenn. Apr. 27, 1906 
PATTERSON, EDWARD GEORGE, Gereral Superinterdent, Car adian Gen- 
eral Electric Co., Peterborough, Ont. - Feb. 24, 1905 
PATTERSON, GEORGE WASHINGTON, Professor of Electrical Er gir eerir g, 
University of Mich., Ann Arbor, Mich. Sept. 27, 1901 
PATTERSON, HaroLb D., Consulting Ergireer, 55 Liberty St., New York 
City. Mar. 27, 1903 


PATTERSON, WILLIAM НАВТ, Jr., Westinghouse Electric & Mfg. Co., 
Pittsburg; res., 440 South Ave., Wilkinsburg, Pa. July 28, 1905 
Pattison, HuGu, Electrical Engineer, with George Gibbs, 10 Bridge 


St.; New York City. Sept. 25, 1903 
Parron, WILLIAM FEARN, JR., Engineering Apprentice, Westinghouse 
Electric and Mfg. Co., Fittsbuig, Pa. Dec. 28, 1906 
PauL, EARL WHEELER, Electrical Engineer, Duquesne Light Co.; res., 
219 Swissvale Ave., Pittsburg, Pa. July 26, 1907 
PauLy, KARL ALMON, Engineer, General Electric Co.; res., 1 Division St., 
Schenectady, N. Y. May 19, 1903 
PayNE, RoBERT Preston, Salesman, Northern Electrical Co., Minrea- 
polis, Minn. Apr. 27, 1906 
PEAKER, WILLIAM James, Draftsman, Lake Superior Power Co., Saulte 
Ste Marie, Ont. Mar. 1, 1907 
PEARSON, ALBERT L., Assistant, Lockwood, Greene and Co., 93 Federal 
St., Boston, Mass. Mar. 29, 1907 


PEARSON, Epwin RICHTER, Electrical Engineer, Transformer Depart- 
ment, General Electric Co., Schenectady, N. Y. Sept. 28, 1906 


PEARSON, JOHN, Superintendent St. Croix Power Co., Somerset, Wis. 
Sept. 26, 1902 
Pease, Harod Cuirps, Engineer, General Electric Co.; res., 820 Urion 
St., Schenectady, N. Y. Mar. 27, 1903 
Pease, HENRY Mark, Telephone Engineer, The Western Electric Co., 
No. Woolwich, E., London, Eng. May 19, 1903 
PEASE, Lewis Abams, Designing Ergireer, Chicago ard Milwaukee 
Electric Railroad Co.; res., Highwood, Ill. June 21, 1907 
Peck, ASHLEY PoMEROY, Salesman, Allis-Chalmers Co., New York City. 
| Aug. 17, 1904 
Peck, Epwarpb F., Manager, Lighting ard Power Dept., Scherectadv 
Railway Co., 420 State St., Schenectady, М. Y. May 20, 1890 
Peck, HENRY WATERMAN, Electrical Engireer, Consolidated Gas Elec- 
tric Lt. & P. Co., 30 S. Eutaw St., Baltimore, Md. Dec. 23, 1904 
Peck, Ransom B. W., Electrician, Kingsbridge Power Station, N. Y. 
City Ry., 96th St. and East River, New York City. Sept. 25, 1903 
PEDDRICK, CHARLES HENRY, JR., Manager, Light and Power Department, 
Hudson River Electric Power Co., Glens Falls, N. Y. Mar. 29, 1907 
PEILER, KarL Ernst, Electrical Engineer with W. S. Barstow, 56 Pire 
St., New York City. Apr. 27, 1906 
PEIRCE, ALBERT Epwin, Jr., Power апа Mirirg Departmert, Gereral 
Electric Co., 706 Phoenix Bldg., Minneapolis, Minn. Feb. 26, 1904 
PENDELL, Cuas. WittiaM, North Shore Electric Co., Chamber of Com- 
merce, Chicago, lll. Nov. 22, 1899 


(26) 


ASSOCIATES. 139 


PENDER, Hanorp, Assistant, Cary T. Hutchinson, 60 Wall St., New 


York City; res., Perth Amboy, М. J. May 14, 1906 
PENNEBAKER, EDWIN PRESTON, 1015 Division Ave., Tacoma, Wash. 

Jan. 23, 1903 

PENNEPATHER, WILFRED ERNEST, Engineer, Mount Bischoff Tin Mining 

Co., Reg., Waratah, Tasmania. Feb. 23, 1906 


PENNELL, WALTER Otis, Chief Engineer, Missouri & Kansas Telephore 
Co.; res., 901 Benton Blvd., Kansas City, Mo. Nov. 24, 1905 


Perez, МАВСІАІ, Acting Manager, Light and Power Dept., Manila 
Electric Railroad and Light Co., Manila, P. I. Aug. 25, 1905 


Perkins, Henry A., Professor of Physics, Trinity College; res., 55 Forest 


St., Hartford, Conn. July 28, 1903 
PERKINS, THOMAS STEEL, Electrical Engineer, Westinghouse Electric 
Mfg. Co., Pittsburg. Apr. 28, 1905 
Perry, ALEXANDER, Westinghouse Electric and Mfg. Co., 11 Pire St., 
New York City. June 15, 1904 
PERRY, CHARLES LANGDON, Designing Engineer, General Electric Co.; 
res., No. 1 State St., Schenectady, N. Y. Mar. 27, 1903 


PERRY, JAMES WILLIAM, Manager Electric Department, Н. W. Johns, 
Manville Co., 100 William St., New York City. Apr. 23, 1903 


Perry, LuTHER PACKARD, Superintendent, Fries Mfg. and Power Co., 


Winston-Salem; res., Clemmons, N. C. June 21, 1907 
PESTELL, FREDERICK J., Assistant Engineer, J. С. White & Co., 43 Ex- 
change Pl, New York City. Apr. 28, 1905 
PETERS, CHARLES SUMNER, Assistant Engineer, Wagner Electric and 
Mfg. Co., St. Louis, Mo. Nov. 23, 1906 
PETERSEN, Ош GoTTLIEB, Electrical and Mechanical Engireer, Stearns 
Lumber Co., Stearns, Ky. Oct. 28, 1904 


PETERSEN, PETER CONRAU, 19 John St., Muskegon, Mich. Dec. 28, 1906 


PETERSON, JESSE, President and Manager, United Insulated Fibre Co., 
Lockport, N. Y. Apr. 26, 1907 


PETICOLAS, SHERMAN Goopwin, Sales Representative, Westinghouse 
E. & Mfg. Co., 1218 Farnam St., Omaha, Neb. Sept. 27, 1901 
Petty, HERBERT CLINTON, Assistant in Sales Department, Crocker- 
Wheeler Co., Ampere; res., East Orange, N. J. June 19, 1903 


PETTY, WaLTER M., Superintendent Fire Alarm Telegraph, Rutherford, 
N. J. May 16, 1893 


Perura, FRANK JOSEPH, Member of Experimental Corps, Denver Gas 


and Electric Co., Denver, Colo. Jan. 25, 1907 
PrATISCHER, МАТНІАЅ, Chief Engineer, The Electro-Dynamic Co., of 
Philadelphia, Philadelphia, Pa. Apr. 23, 1903 


PruNDp, RicHaRp, Engineer, 600 West 146th St., New York City. 
Apr. 18, 1893 
PHELON, JOSEPH OLIVER, Assistant Professor of Electrical Engineering, 
27, 


Worcester Polytechnic Institute, Worcester, Mass. Mar. 27, 1908 
PnuErLPS, CHARLES E., Jr.. Chief Engineer, City of Baltimore Electrical 


Commission, Baltimore, Md. Jan. 27, 1905 
PHENICIE, CARROLL RuBiCAM, Electrical Engineer, Chicago & Milwaukee 
Electric К. R., Highwood, Ill. Sept. 28, 1906 
PuHiLiP, Ковевт Аѕнвү, Engineering Dept., Stone & Webster Engineer- 
ing Corporation, 147 Milk St., Boston, Mass. Mav 14, 1906 
PHILLIPS, CHARLES TRAVERS. Wiring and Construction Dept., Seattle 
Electric Co., Seattle, Wash. Apr. 27, 1906 
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PHILLIPS, EpwiN Terry, Electrical Superintendent, P. N. Y. and L. I. 
R. R. Co., 4th and Front Sts., Long Island City, N. Y. Feb. 23, 1906 
PHILLIPS, ELLIS LAURIMORE, Engineer, 45 Broadway; res., 11 West 103d 
St., New York City. Mar. 28, 1902 
PHILLIPS, IRVING WADSWORTH, Superintendent of Power Plant, North 
Mountain Power Co., Junction City, Cal. Apr. 22, 1904 
PuiLLiPS, Leo A., Westinghouse Machine Co., Westinghouse Bldg., 
Pittsburg, Pa. Mar. 21, 1594 
PHILLIPS, THOMAS LopcE, Superintendent, Genesee County Electric 
Light, Power and Gas Co., Batavia, N. Y. Nov. 23, 1906 
PHILLIPS, WALTER, Westinghouse Brake Co., Ltd., 82 York Road, King's 
Cross, London, Eng. Feb, 27, 1903 
PuriLPor, LAWRENCE BENJAMIN, Operator at Generating Station, Van- 
couver Power Co., Vancouver, B. С. Sept. 28, 1906 
PHINNEY, RoBERT Morris, with Signal Engineer, Illinois Central К. К. 
Chicago, Ill. Mar. 29, 1907 
Piatt, WitLLiAM McKinney, J. L. Ludlow, Winston-Salem, N. С. 
| Oct. 27, 1905 
PICKARD, GREENLEAF WHITTIER, Electrical Engineer, American Telephone 
and Telegraph Co., 125 Milk St., Boston, Mass. Mar. 27, 1903 
PICKHARDT, Harry Louis, Sales Department, Holophane Co., Chicago, 
Ill. Feb. 24, 1905 
PIEK, STEFAAN, Niagara, Lockport and Ontario Power Co., 814 Fidelity 
Building, Buffalo, N. Y. Apr. 27, 1906 
PIERCE, ALFRED LAWRENCE, Superintendent, General Manager and E. E. 
Borough Electric Works, Wallingford, Conn. Mar. 28, 1902 
PIERCE, GEORGE ALBERT, JR., Assistant Supt. of Electrical Department 
William Cramp & Sons, Philadelphia, Pa. May 19, 1903 
PIERCE, LONNIE JOHN, Electrical Engineer, American Window Glass Co., 
Room 1624, Farmers Bank Bldg., Pittsburg, Pa. Jan. 27, 1905 
Pierson, Henry, Electrical Engineer, British Westinghouse Electric 
and Mfg. Co.; Trafford Park, Manchester, Eng. Mar. 29, 1907 
PIERSON, HENRY GREGORY, Foote, Pierson & Co., 160 Duane St., New York 
City; res., 246 Turrell Ave., So. Orange, N. J. May 17, 1904 
PIETCZKER, Ezra JAMES, S. W. Manager, Standard Underground Cable 
Co., 521 Security Bldg., St. Louis, Mo. Apr. 23, 1903 
PIETSCH, JAMES ANDERSON, Chief Engineer, Esperanza Central Sugar 
Co., Naguabo, Porto Rico. May 19, 1903 
PIKE, DaNrEL ErviN, Operator, Western Union Telegraph Co., New 
York City. jm 25, 1907 
PILCHER, JOHN WILLIAM, Salesman, Canadian General Electric Co., 
Halifax, N. S. May 15, 1905 
PittsBurRY, CHas. L., Claussen, Burch & Pillsbury, Consulting Engi- 
neers, 514 Ger. Amer. Bank Bldg., St. Paul, Minn. Aug. 13, 1897 
PINCKNEY, THEOPHILUS, Chief Engineer, Asheville Electric Co.; res., 
1693 Patton Ave., Asheville, N. C. June 21, 1907 
PINKLEY, Roy Henry, Chief Draughtsman, Union Electric Light and 
Power Co.; res., 4163a Russell Ave., St. Louis, Mo. June 14, 1905 
Pinson, EMILE, General Manager Cia Explobadora de las Fuerra Hydro 
Electricas de San Ildefonso, Mexico City, Mex. june 19, 1903 
PIRELLI, ALBERTO, Managing Director, Pirelli & Co., Milan, Italy. 
Sept. 22, 1905 
PiRTLE, CLAIBORNE, Electric Controller and Supply Co.; res., 29 Olive 
St., Cleveland, O. Mar. 28, 1902 
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PITCHER, FRANK Henry, Chief Engineer, Montreal Water and Power Co., 
62 Imperial Building, Montreal, P. Q. Jure 28, 1901 


PixLEy, MILTON ADOLPHUS, Superintendent of Construction, Errer-Hop- 
kins Со.; res., 477 Linwood Ave., Columbus, О. Feb. 26, 1904 


Pizzint, ANDREW J., General Manager, Electric Construction Co., of 


Virginia, Richmond, Va. Aug. 22, 1902 
Prace, CLaupvE W., Electrical Engineer, General Electric Co.; res., 118 
Park Ave., Schenectady, N. Y. Nov. 23, 1906 


PLAISTED, ARTHUR I., Engineering Inspector, Metropolitan Water and 
Sewer Board; res., 17 Franklin St., Somerville, Mass. Apr. 22, 1904 


Prank, Davip Horace, Electrical Engineer, General Electric Co.; res. 


135 Barrett St., Schenectady, N. Y. Nov. 23, 1906 
PLATT, FREDERICK, Electrical Engineer, General Electric Co., Lynn, 
res., Cliftondale, Mass. Nov. 24, 1905 
PLATT, NATHANIEL, Inspection Department, New York Edison Co., 
res., 2 E. 127th St., New York City. Aug. 25, 1905 
Ріомв, Hyton THERON, Assistant Professor Alternating Currents, 
Purdue University, West Lafayette, Ind. June 19, 1903 
РоргЕ$АК, Emit, President and Manager, N. J. Eng. & Const. Co., Morris- 
town, N. J. Jan. 23, 1903 
PopLESAK, Henry JosEPH, Consulting Mechanical and Electrical Engi- 
neer, 779 S. Ridgeway Ave., Chicago, Ш. Sept. 28, 1906 
POIRIER, ALFRED E., N. Y. & N. J. Tel. Co., 15 Clinton St., Newark, N. J.; 
res., 11 East 47th St., New York City. May 21, 1901 
Рош,Акр, NELsoN Levi, Electrical Engineer, Public Service Corporation; 
res. 114 Madison Ave., Elizabeth, N. J. Mar. 1, 1907 
Pomeroy, JAMES G., Western Manager, Adams Bagnall Electric Co., 309 
Dearborn St., Chicago, Ill. Mar. 27, 1903 


Pomeroy, Lewis RoBErts, Special Representative Railway Dept., Gen- 
eral Electric Co., 44 Broad St., New York City. Aug. 22, 1902 


Pomeroy, WILLIAM D., The Bullock Electric Mfg. Co., Cincinrati, Ohio. 


Mar. 22, 1899 

Ponti, Gian Giacomo, Polytecnico, Turin, Italy. Aug. 17, 1904 
PoorE, FREDERICK Parsons, Electrical Engireer, Bryant Electric Co.; 
res., 1465 Fairfield Ave., Bridgeport, Conn. Oct. 27, 1905 
Poore, М№пллАМ Јонм, Ergireer ard Salesman, British Westinghouse 
Electric and Mfg. Co. Ltd., Glasgow, Scotland. Mar. 29, 1907 
PooLer, Max ALPHONSE, Electrical Engineer, 145 Lincoln Ave., Youngs- 
town, O. Feb. 24, 1905 

Poor, Freperic Hence, Tester, General Electric Co.; res., 241 Liberty 
St., Schenectady, N. Y. Apr. 28, 1905 

Pore, Harry BoNriELD, Montreal Light, Heat and Power Co., Richelieu 
Village, Que. Mar. 27, 1905 

Pope, Henry WiLLIAM, American Telephone & Telegraph Co., 15 Dev 
St., New York City; res., Stapleton, N. Y. Mar. 23, 1898 


Pope, RALPH WAINWRIGHT, Secretary to the American Institute of Elec- 
trical Engineers, 33 W. 39th St., New York City. June 2, 1885 


Pope, WirLiAM Goprrey THoMas, La Union Telephonica, 1193 Riva- 


davia, Buenos Aires, A. R. Dec. 23, 1904 
PoPPLETON, RarPH Riccs, Sales Engineer, Pacific Electric Co., 94 First 
St., Portland, Oregon. Mar. 29, 1907 
PoRTER, CuarLes HuNTINGTON, [Local Secretary], Dept. Electrical 
Engineering, Mass. Inst. Tech., Boston, Mass. Dec. 19, 1902 
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Porter, Epwarp YovNos, Electrical Engineer, Moore Electrical Co., 


Newark; res., 47 West St., E. Orange, N. J. june 14, 1905 
Porter, Н. НовАкт, JR., Sarderson & Porter, 52 William St., New York; 
City; res., Lawrence, L. I. Mar. 25, 1896 
PorTER, JOHN WILLIAM, Partner, Porter & Berg, Chicago; res., 1351 
Sheridan Road, Edgewater, Ill. Mar. 27, 1903 
Porter, Latta Warpo, Secretary and Manager, Cincinnati Construction 
Co.; res., 320 W. 4th St., Cincinnati, О. Sept. 28, 1906 
PORTER, ROYAL ARTHUR, [Local Secretary] Assistant Professor of 
Physics, Syracuse University, Syracuse, N. Y. Feb. 23, 1906 
Post, ARTHUR Woon, Student, Brooklyn Polytechnic Institute, Brook- 
lyn; res., Westbury, L. I. N. Y. Dec. 28, 1906 
Poste, Н. C. F., Electrical Superinterdent Aluminum Co. of America, 
Massena, N. Y. Jan. 29, 1904 
PosTEL, Евер J., Electrical Engineer, Postel & Linn, 705 Fisher Bldg.; 
res., 5227 Calumet Ave., Chicago, IN. Nov. 24, 1905 
Pott, ARTHUR Henry, Chief Engireer, Metropolitan Electric Tramways, 
Ltd., London, Eng. Nov. 22, 1901 
Роттев, ARVIN Henry, Chief Installer, Tri-State Telephone ard Tele- 
graph Co.. Minneapolis, Minn. Jure 21, 1907 
PoTTER, CARROLL, Superintendent, Electric Storage Battery Co., 19th St. 
and Allegheny Ave., Philadelphia, Pa. Sept. 26, 1902 
POTTER, HERBERT SturGis, Electrical Engineer ard Contractor, 24 
Commercial St., Boston, Mass. May 17, 1904 
PorTER, JOHN CHuncH, Instructor in Electrical Engineering, University 
of Wi isconsin, Madison, Wis. Jan. 25, 1907 
Potts, Lovis MAxweE Lt, Corstructirg Ergireer, Rowland Telegraphic 
Co., 107 E. Lombard St., Baltimore, Md. Sept 6, 1902 
Ports, ALFRED GILBERT, Ergireer, Union Railway Supply Co., 1633 
Real Estate Trust Bldg., Fhiladelphia, Pa. Mar. 1, 1907 
PowELL, CHARLES SKRINE, Gereral Agert, Westinghouse Electric апа 
Mfg. Co., 111 Broadway, New York City. jure 14, 1905 
PowELL, Epwin BURNLEY, Stone ard Webster, Engineering Corporation 
147 Milk St., Boston, Mass. May 21, 1901 
PowELL, Ivan ErNo, Ergireer, Rochester Railway ard Light Co., 120 
Broadway, Rochester, N. Y. Mar. 29, 1907 
PowELL, PERCIvavL HERBERT, Lecturer, Canterbury College, Christ- 
Church, N. Z. Dec. 28, 1906 


Роме, Percy Howanp, M. E., 543 Washington Ave., Bridgeport, Corn. 
Sept. 25, 1895 
PowELL, RicHARD CHEADLE, Draftsman, 2710 Haste St., Berkelev, Cal. 
Oct. 26, 1906 


PowELSON, WILFRED Van NEsT, Union Electric Light and Power Co., 


St. Louis, Mo. Jan. 24, 1900 
Poynton, У“иллАМ PercivaL, Western N. Y. Construction Co., 486 
Ellicott Sq., Buffalo, N. Y. Mar. 25, 1904 
PRATT, ALEXANDER, Supt. H. R. T. & L. Co.; res., Matlock Ave., rear 
Pukoi St., Horolulu, H. T. Jan. 23, 1903 
Pratt, ARTHUR C., Electrician, Missouri River Pr. Co., Canyon Ferrv, 
Mont. Jan. 23, 1903 
Pratt, CHaRLES RicHARDSON, Consulting Engineer, 1123 Broadwav, 
New York City; res., Montclair, М. J. May 19, 1903 
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Pratt, Ernoy J., Electrical Engineer, Southwest Mo. Electric Railway 


Co. Webb City, Mo. Apr. 27, 1906 
Pratt, GEORGE LEwis, Vice- President, N. P. Pratt Laboratory, Atlarta, 
Ga. Oct. 26, 1906 
Pratt, Louis WasHINGTON, [Local Secretary] Secretary, Federal Electric 
Construction Co., Ltd., Toror.to, Out. Sept. 22, 1905 
Pratt, Ricard Henry, Chief Electrician, N. P. Pratt Laboratory, 
Atlanta, Ga. Mar. 29, 1907 


Press, ABRAHAM, George Washington University, Faculty of Graduate 
Studies; res., 17th and T. Sts., Washirgton, D. C. Jure 21, 1907 


Pressey, HENRY ALBERT, Civil Engineer, 408 Colorado Bldg., Washirg- 


ton, D. С. Dec. 23, 1904 
Price, Cuas. W., Editor, the Electrical Review, 13 Park Row, New York, 
City; res., 223 Garfield Pl., Brooklyn, N. Y. Sept. 19, 1894 


PRICE, ALDEN SHERMAN, Student Brooklyn Polytechnic Irstitute, 
Brooklyn; res., 318 W. 101st St., New York City. Sept. 28, 1906 
Price, EpcaR F., Works Manager, Union Carbide Co., 157 Michigan 


Ave., Chicago, Ill. jure 27, 1895 
Price, Нлһогр WILBERFORCE, Lecturer, in Electrical Engireerirg, 
School of Science, Toronto. Ont. Dec. 18, 1903 


Price, James A., Inspector Electrical Locomotives, N. Y. С. R. R. Co, 
American ‘Locomotive Works, Schenectady, N. Y. Apr. 23, 1903 
Price, Јонх BELVIN, Superintendent, Richmond Electric Co., Richmor d, 
Va. Sept. 28, 1906 
Price, Norman I., Australian General Electric Co., Melbourre, Aus. 
Feb. 28, 1902 
Price, WILLIAM MoNTELIUS, Seattle Electric Co., Seattle, Wash. 
Mar. 25, 1904 
Prince, FREDERICK WELLES, Superintendent of Construction, Hartford 
Electric Light Co.; res., 821 Broad St., Hartford, Ct. Oct. 23, 1903 
Prince, J. лотро, The New York Edison Co., New York City; res., 868 
Flatbush Ave. (Flatbush Station), Brooklyn, N. Y. Feb. 27, 1895 
PRINDLE, Epwin J., Patent Lawyer, Prindle ага Williamson, 220 Broad- 


way, New York City. Apr. 27, 1906 
Proctor, Tuos. L., Marine Electrical Equipment, 149 Broadwav, New 
York City; res., Elmhurst, L. I., N. Y. Apr. 18, 1894 


Prosser, HERMAN A., Dooley Block, Salt Lake City, Utah. Jan. 26, 1898 
PROTZELLER, Harry W., Construction Department, Gereral Electric 


Co., Schenectady, N. Y. Nov. 23, 1906 
PRUESSMAN, Отто, Tclephone Engineer, Western Electric Co.; res., 
1621 Aldine Ave., Chicago, Ш. June 21, 1907 
Proupb, Owen E., Electrician, Pennsylvania R.R. Co., 1518 Filbert St.; 
res., 1153 М. 62d St., Philadelphia, Pa. Dec. 28, 1906 


Pryce, EpmMunb HvcH, 133 Warburton Ave., Yonkers, N. Y. 
Feb. 26, 1904 
PvpAN. HERBERT WHATMOUGH, Consulting Electrical Engireer, 452 


Moreno, Buenos Aires, A. R. Sept. 25, 1903 
PUNGA, FRANKLIN, Electrical Engineer, 87 Gundeldinger Strasse, Bale 
Switzerland. Jan. 29, 1904 


Pupin, MicHAEL, I., Ad: unct Professor in Mechanics, Columbia Univer- 
‘sity; res., 280 North Broadway, Yonkers, N. Y. Mar. 18, 1890 


PutnaM, Harry Ames, Cable Tester, J. A. Roebling’s Sors Co.; res., 
138 E. Hanover St., Trenton, N. J. May 15, 1905 
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PUTNAM, JOSEPH EDWARD, Assistant on Electrolysis, Ergireerirg Bureau 
of the City of Rochester, City Hall, Rochester, М. Y. Mar. 27, 1903 


PuTNAM, }О$ЕРН WARREN, Assistant Ergireer, Tororto and Niagara 
Power Co.; res., 758 King St. East, Hamilton, Or.t. Apr. 26, 1907 
Putt, Harvey J., Chief Electrical Operator, Manhattan Railway Co., 74th 


St. and East River, New York City. Mar. 27, 1903 
QUEENY, JOHN T., Salesman, Westirgkouse Electric ard Mfg. Co., 716 
Board of Trade Bldg., Boston, Mass. Mar. 24, 1505 
QuIGLEY, ARTHUR J., Assistant to Supt. of Corstruction, J. G. White & 
Co., Rock Island, ПІ. Nov. 25, 1504 
QuiNAN, GEoRGE Егу, Asst. Sipt., Power. Tacoma Railway & Power 
Co.; res., 410 So. C. St., Tacoma, Wash. Aug. 17, 1904 


QUINN, CHARLES J., JR., Engineer, res., 161 Kosciusko St., Brooklyn, N. Y. 
Aug. 17, 1904 
RADLEY, Guy RICHARDSON, Designirg Electrical Ergireer, Cutler-Ham- 


mer Mfg. Co., Milwaukee, Wis. Sept. 25, 1903 
RALSTON, ALBERT LENNERT, Electrical Engineer, Westinghouse Electric 
and Mfg. Co., Pittsburg, Pa. Mar. 1, 1907 
RaLsTON, JoserpH H., Contracting Engineer; res, 506 E. Third St., 
Albany, Ore. April 26, 1907 
RAMSEY, ALLAN, Union Electric Light and Power Co., 10th ard St. 
Charles St., St. Louis, Mo. Jure 21, 1907 
RaMsEv, JAMES C., JR., Electrical Engineer, The American Woolen Co. ; 
res., Lawrence, Mass. Apr. 23, 1903 
RANDALL, JOEL ELMER, Student, Brooklyn Polytechnic Institute; res., 
313 Sixth Ave., Brooklyn, N. Y. Jan. 25, 1907 
RANDALL, JOHN E., Cleveland Lamp Factory, cor. Mason & Beldon Sts., 
Cleveland, Ohio. May 7, 1889 
RANDALL, KARL CHANDLER, Engineer, Westinghouse Electric and Mfg. 
Co., Pittsburg, Pa. Dec. 19, 1902 


RANDOLPH, MERVYN Paur, District Office Manager, Westirghouse E. & 
M. Co., 314 Occidental Ave., Seattle, Wash. Jan. 24, 1902 


RANKIN, ROBERT, Electrical Engineer, Sao Paulo Tramway Light and 


Power Co., Sao Paulo Brazil. June 21, 1907 
RANKINE, DE Lancy, Niagara Falls Power Co., Niagara Falls, N. Y. 

| Мат. 27, 1903 

RANNEY, AMBROSE ELLiotT, Engineer, Elmore Automobile Co., 1851 


Broadway, New York Citv. june 21, 1907 
RANNEY, Елкі, EvGENE, Testing Department, Electric Controller & 
Supply Co., Cleveland, Ohio. june 21, 1907 
RANSOM, ALLEN EpwanRp, Westinghouse Electric & Mfg. Co., 314 
Occidental Ave., Seattle, Wash. Jan. 3, 1902 
RAPELJE, CHARLES VANDERVEER, Superinterdent, Traction Equipment 
Co., 72 Grand Ave., Brooklyn, N. Y. june 21, 1907 


RAPELJE, P. Ditmars, Ergireer of Services, New York Edison Co., New 
York City; res., 948 Belmont Ave., Brooklyn, N. Y. Jure 21, 1907 
RasMASON, Н. Lewis, Superintendent of Construction, Telluride Power 


Co. Grace, Idaho. . Aug. 25, 1905 
Rask, Lovis, Electrical Ergireer, General Electric Co.; res., 204 Ur ion 
St., Schenectady, N. Y. Sept. 28, 1906 
RATTERMANN, C. J., Salesman, Allis-Chalmers Co.; res., 2419 Ohio Ave., 
Cincinnati, О. Feb. 23, 1906 
Raven, WILLIAM GEORGE, with Allen J. Krebs, 1008 So. 20th St., Bir- 
mingham, Ala. Oct. 26 1906 
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Rawson, Hosart, Electrical Engineer, Electrical Dept, Long Island R. 


R., Long Island City, N. Y. June 15, 1904 
Ray, FREDERICK Lucien, Superintendent of Construction, W. M. Shee- 
han & Co., 136 Liberty St., New York City. Sept. 28, 1906 
Ray, LAWRENCE W., Central District & Printirg Telegraph Co., Pittsburg, 
Pa. Mar. 24, 1905 
Ray, WEBSTER WaGNER, Gereral Electric Co.; 1047 Monadnock Building, 
Chicago, Ill. Oct. 27, 1905 
RAYMOND, EDWARD BRackETT, Electrical Engir eer, Gereral Electric Co., 
Schenectady, N. Y. May 20, 1902 
RayMonpD, Francis, II., 1635 Old Colony Bldg., Chicago, Ill. 
Oct. 28, 1904 
RAYMOND, Howanp Monroe, Dean, Professor Experimental Physics, 
Armour Institute of Technology, Chicago, lll. Mar. 29, 1907 
REA, NonMAN LesLie, Construction Department, General Electric Co.; 
res., 107 Lafayette St., Schenectady, М, Y. Aug. 22, 1902 
READ, Homer West, Installer, Sunset Telephone & Telegraph Co.; res., 
5565 Kenwood Place, Seattle, Wash. Sept. 28, 1906 
READ, JOHN Rovarr, Electrical Engineer, Caradian Westir ghouse Co., 
Ltd., 152 Hastings St., Vancouver, B. C. Feb. 26, 1904 
READ, Ковевт H., Patent Attorney, Gereral Electric Co., Schrectady, 
N. Jan. 19, 1892 
READ, WALTER Van HovrEN, Transmission Inspector, Central District 
and Printing Telegraph Co., Pittsburg, Pa. Mar. 1, 1907 
REDDING, SAMUEL ARTHUR, Electrical Engireer, Georgia Railway & 
Electric Co., 562 N. Boulevard, Atlanta, Ga. Mar. 25, 1904 


RepsHaw, WILLIAM ARTHUR, Electrical Engir eer, Public Service Cor- 
poration of N. J.; res., New Brunswick, N. J. Jure 21, 1907 


REED, Cuas. J., Electrician, 3313 N. 16th St., Philadelphia, Pa. 
Mar. 5, 1889 


REED, FREDERICK Hotty, Vice-presicent, J. G. White & Co., 43 Exchange 
Pl.; res., 265 W. 81st. St., New York City. Apr. 22, 1904 


Reep, Harry D., Superirterdent Bishop Gutta Percha Co., 420 East 25th 
St., New York City; res, Newark, N. J. Sept. 19, 1894 


ReeEpD, Henry A., Secretary and Manager, Bishop Gutta-Percha Co., 422 
East 25th St., New York City; res., Newark, N. J. Jure 4, 1899 


REED, LEANDER NELSON, Sales Engireer, Westinghouse Electric ard Mfg. 
Co., Boston; res., 102 Belmont St., Somerville, Mass. Jan. 25, 1907 


REED, LYMAN COLEMAN, Spranley & Reed, 919 Hibernian Bank Buildirg, 


New Orleans, La. Mar, 25, 1904 
REED, ROBERT CARTER, Superintendent of Electrical Departmert, Car- 
negie Steel Co., Duquesne, Pa. Apr. 23, 1903 
REED, WARREN Bettison, Consulting Engineer, 1011 Hiternia Bank 
Bldg., New Orleans, La. June 14, 1905 
REGESTEIN, ERNEST ALBRECHT, Standard Underground Cable Co., 619 
Westinghouse Bldg., Pittsburg. Pa. May 19, 1908 
REGESTER, CHaRLES W., Westinghouse Electric and Mfg. Co., 1220 New 
York Life Bldg., Chicago, Ill. Dec. 19, 1902 
REHFELD, Grover Georce, Electrician, 1433 Prairie St., Milwaukee, 
Wis. Apr. 27, 1906 


REICH, Wivuiam I., Consulting Engineer, 407 Fourth Ave., Pittsburg, Pa. 
May, 19 1903 
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REICHENBACH, FREDERIC, Electrical Assistant, Sipgr al Service, U. S. Army 
Washington, D. C. May 19, 1903 
REID, CLARENCE ERLE, Assistant Professor of Electrical Er gir cerir g, 
Case School of Applied Sciences, Clevelard, O. May 19, 1903 
Retin, Epwin S., Gereral Supt. ard Ergiireerir g, Natioral Corduit ard 
Cable Co., Oxford Court, Canron St., Lor don, Erg. Feb. 26, 1896 
REID, EUGENE J., Draughtsman, New York Edisor, Co.; res., 1200 Frar k- 
lin Ave., New York City. May 15, 1905 
Reb, GEoncE Hanorp, Electrical Ergireer, Ger eral Electric Co., Sche- 
nectady, N. Y. May 14, 1900 
Reip, Harry PALMER, Sales Engineer, Emerson Elect ric Mfg. Co., St. 
Louis, Mo. Feb. 26, 1904 

Кер, THoMas BATCHELOR, 59 Early St.. Morristown, N. J. 
Apr. 28, 1905 
Reip, Waiter Davip, Telephore Engireer, American Telepkore ard 
Telegraph Co., 125 Milk St., Boston, Mass Mar. 1, 1907 
REILLY, Harry WINNE, J.G. White & Co., 43 Exchange Place, New York 
City. Jan. 3, 1902 
REILLY, JOHN C., General Supt., N. Y. & N. J. Tel. Co., 81 Willoughby 
St., Brooklyn, N. Y. Apr. 15, 1884 
REILLY, JOHN JOSEPH, Assistart Foreman, Meter Departmert, Philadel- 
phia Electric Co., 122 Arch St., Philadelphia, Va. Apr. 26, 1907 
REIMERS, FREDERICK WILLIAM, Electrical Engireer, J. G. White and Co., 


1136, 2d Ave., Rock Island, Hl. Apr. 26, 1907 
REMINGTON, GEORGE WarD, Engineer Railway Department, Gereral 
Electric Co., Schenectady, N. Y. Mar. 29, 1907 
REMSCHEL, CESAR WILHELM AvuGusT, Electrical Er gireer, Mlis-CFalmers 
Co., Seattle, Wash. Feb. 28, 1902 
RENNARD, JOHN Crirronp, A.B., E.E., Asst. Chief Er gireer, New York 
Telephone Co., 15 Dey St., New York City. Jan. 16, 1895 
RENSHAW, CLARENCE, Electrical Ergireer, Westirgkouse Electric ard 
Mfg. Co., Pittsburg, Pa. Aug. 22, 1902 
RENSTROM, Frans Oscar, Consulting Electrical Ergireer, Skelleftea, 
Sweden. Feb. 28, 1900 
RENSTRÖM, JONAS ALFRED, Superinterndert, Regla Power Trarsmission, 
Pachuca, Mexico. Nov. 25, 1904 
REPLOGLE, JAMES GILLESPIE BLAINE, Assistart Electrical Irspector, 
| Western Electric Co., Chicago, Ill. Oct. 24, 1902 
RETALLIC, CHARLES, Superirterdent, The Light ard Power Commission, 
Marquette, Mich. Aug. 25, 1905 


REUTLINGER, CHARLES, Construction Engineer, Chesapeake and Poto- 
mac Telephore Co., 5 Light St., Baltimore, Md. Apr. 28, 1905 
Rew, Frank ALBERT, Electrical Ergireer, Westinghouse Electric ard 
_ Mfg. Co., Pittsburg, Pa. Sept. 28, 1906 
REYNDERS, ARTHUR BERNARD, General Exgiveer Insulation Work, 
Westinghouse Electric ard Mfg. Co., Pittsburg, Pa. June 21, 1907 
REYNOLDS, BAxTER, Fairbanks, Morse & Co., 12 Dey St., New York City. 
Feb. 23, 1906 
REYNOLDS, Epwanp LaNpbspALE, Магарег of Pernsvlvaria Sales Office; 
The Electric Storage Battery Co., Philadelphia, Pa. May 19, 1903 
REvNorps, Harry F., Reynolds Electric Co. Inc.; Seattle, Wash. 
Mar. 27, 1903 
REvNorps, H. H., Chief Electrical Ergircer, Kilburn & Co., 4 Fairlie 
Place, Caleutta, British India. Oct. 28, 1904 
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REvNoLps, Louis EMBLEE, Superintendent of Distribution, San Fran- 
cisco Gas and Electric Co., San Francisco, Cal. Mar. 28, 1902 


REvNoLDps, WILLIAM HENRY, 288 Lenox Ave., New York City. 
Nov. 25, 1904 


RHopEs, C. Borie, Manager, Willamette Valley Co., Tonopah, Nev. 
Jan. 25, 1907 


RHODES, FREDERICK LELAND, Electrical Engireer, American Telephone 
and Telegraph Co., 125 Milk St., Boston, Mass. Mar. 27, 1903 


RHODES, GEORGE IRVING, Assistant Engineer, Irterborough Rapid Transit 
Co., 59th St. and 11th Ave., New York City. Nov. 23, 1906 


Кнореѕ, Harry Asp, Chief Engireer, The Colorado Telepkore Co., 1421 
Champa St., Denver, Colo. Mar. 27, 1903 


RHODES, SAMUEL GLENN, Superintendent, Arc Lamp Departmert, New 
York Edison Co., 117 W. 39th St., New York City. Apr. 27, 1906 


RiBoT, ANTONIO, Tester General Electric Co.; res., 131 Church St., Schen- 


ectady, N. Y. Mar. 29, 1907 
RICE, ARTHUR, Engireer, The New York Telepkore Co., 15 Dey St.; res., 
453 W. 117th St., New York City. Mar. 27, 1903 
Rice, ARTHUR Louis, Managing Editor, The Engineer, Publishing Co., 
355 Dearborn St., Chicago, Ill. Oct. 21, 1896 
Rice, Horace ELMER, Philadelphia Electric Co.; res., 5841 Crittenden 
St., Germantown, Philadelphia, Pa. Aug. 25, 1905 
Rice, Martin P., Chief of Publication Bureau, General Electric Co., 
Schenectady, N. Y. May 21, 1901 
RicE, PHILIP BERNARD, Assistant in Office of Mechanical Engireer, 
Pennsvlvania Railroad Co., Altoona, Pa. Mar. 29, 1907 


КІСЕ, RALPH HERBERT,Asst. Division Engineer, Bd. of pea Engi- 
neers, Chicago Traction, 181 La Salle St.Chicago, Ill.Tan. 29, 1904 


- 


Rice, WirLiAM Jackson, Chief of Supplies, N. Y. & N. J. Telephone Co., 


160 Market St.; res., 43 South St., Newark, N. J]. Nov. 24, 1905 

RicH, Epwarp BENJAMIN, Field Accountant on Coast Analvsis, North- 
western Cnstruction Co., Boore, Іа. Mar. 29, 1907 
RicH, Francis ARTHUR, Marager, Woodstock G. M. Co., Karangahake, 
| Aucklard, New Zealand. jan. 20, 1897 
RicH, SIDNEY LEONARD, Purchasing Agent, B-R. Electric Co.; res., 330 
So. Prvor St., Atlanta, Ga. Feb. 26, 1904 
‘RICHARDS, EpGAR Urvssrs, Electrical Inspector, Ohio Inspection Bureau, 
Columbus, O. Feb. 23, 1906 
RICHARDS, EDWARD, Assistant Engineer, Hvdro-Electric Power Commis- 
sion, 25 Toronto St., Toronto, Ont. Aug. 25, 1905 
RicHARDS, WALTER JosEPH, Chief Engireer, Natioral Brake & Electric 
Co., Milwaukee, Wis. Jan. 25, 1907 
RICHARDS, WILLIAM EDGAR, General Line Foreman, Toledo Railways 
and Light Co., Toledo, Ohio. Aug. 17, 1904 


RICHARDSON, JOHN BELDEN, Corstruction Foreman, Westirgtouse Elec- 
tric and Mfg. Co., 120 Liberty St., New York City. Feb. 24, 1905 
RICHARDSON, JoSEPH W. A., Contractor, 715 Union St., New Orleans, La. 
Apr. 22, 1904 

RICHARDSON, STUART, Electrical Engineer, Wellington City Corporation, 
117 Brougham St., Wellington, N. 7. Jan. 26, 1906 


RICHARDSON, THOMAS SMITH, Electrical Engineer, Auburn Light, Heat 
& Power Co.; res., 73 South St., Auburn, N. Y. Mar. 27, 1903 


КіІснмохр, JOHN STANLEY, Consulting Engineering Expert, 32 Adelaide 
St. East, Toronto, Ont. Jan. 26, 1906 
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RICHTBURG, HERMANN ANDREAS, Electrical Engineer, Western Electric 


Co., 463 West St., New York City. Sept. 27, 1901 
RICKENBACHER, ALBERT Dominick, Electrician, J. G. White and Co.; 
res., 1213 G. St. М. W., Washington, D. C June 21, 1907 
RICKER, CHARLES W., Ele trical Engir eer, Clevolar d Construction Co., 
606 Citizen's Building, Clevelard, Ohio. Jan. 29, 1904 
RIDDILE, Joi. scott, ENGINEER, with Ralph D. Mershon, 60 Wall St; 
res., 102 W. 84th St., New York City. Mar. 29, 1907 


RIDEOUT, о. C., LL.D., Consulting Elec. ard Mech. Engireer, 
Rideout & Gage, 101 Randolph St., Chicago, Ill. Aug. 5, 1896 


RIGNEY, FLEMING JAMES, Electrical Engineer, Kirby Lumber Co., Bess- 


may, Texas. Sept. 28, 1906 
Riko, Yasuo, Electrical Engineer, Department of Communications, To- 
kio, Japan. Oct. 23, 1903 
RILEY, CHAMPLAIN Lorb, Consulting Engineer, Clark and MacMullen, 
20 Broad St., New York City. Mar. 1, 1907 
RionpDA, MANUEL ENnRIGNE, Partner and Director, Czarnikow MacDonald 
& Co., 112 Wall St., New York City. Apr. 26, 1907 
Ripley, CHARLES Mercs, Electrical Engineer, Gould Storage Battery 
Co., 341 Fifth Ave., New York City. July 28, 1905 
RırLEY, LeRoy DEMAND: Manager, Schenectady Illuminating Co.. 
Schenectady, N. Y. Oct. 27, 1905 
К1РРЕҮ, S. HOWARD, Consulting Engineer, 1301 Stephen Girard Building, 
Philadelphia, Pa. Jan. 29, 1904 


RirPLE, PauL W., Electrical Engineer, New England Investment & Se- 
curity Co., Room 536 South Station, Boston, Mass. Oct. 28, 1904 


RisELEY, Harry LoRIMER, Resident Engineer, Newcastle Electric Supply 


Co., Wallsend, Eng. Jan. 29, 1904 
Rircuig, THoMAS Epwarp, Business Manager, Коусе, Ltd.; res., 179 
Barton Rd., Stretford, Manchester, Eng. Mav 20, 1902 
RircuiE, WiLLiAM TRAILL, National Mortgage Agency Co., 8 Great Win- 
chester St., London E. C., England Nov. 24, 1905 


Rirscuv, Lewis Јонм, 3424 Hartford St., St. Louis, Mo. Dec. 18, 1903 
RITTENHOUSE, WALTER B., Mechanical Engineer, Great Northen Power 
Co., 315 Providence Building, Duluth, Minn. Sept. 25, 1903 
RIVET, ANTOINE Rusu, Financial and Commercial Editor, Globe-Demo- 
crat; res., 7511 Pennsylvania Ave., St. Louis, Mo. May 19, 1903 

RoBB, GEorGE C., Sacramento River Supply Co., Sacramento, Cal. 
jan. 23, 1903 


RoBBINS, CHARLES, Westinghouse Electric and Mfg. Co., Pittsburg, 


Pa. Apr. 23, 1903 
RoBBiNs, Percy ARTHUR, Consulting Engineer, 60 Wall St., New York 
Citv. June 19, 1903 


RoBERSON, OLIVER R., Electrician, Lambertville, N. J. Dec. 20, 1893 
RoBERTS. ALLEN Davipson, Electrician, 124 King St., Kingston, Jamaica, 


West Indies. Nov. 22, 1899 
RoBERTS, DaviD ALLEN, Partner. Philadelphia Electric Construction Co., 
914 Filbert St., Philadelphia, Pa. July 26, 1907 
RoBERTS, OSWALD MORTIMER, Superinterdent, Orangeburg Electric 
Light and Water Plant, Orangeburg, S. C. June 21, 1907 
ROBERTS, Tuomas Mayo, Mechanical Draughtsman and Electrical Engi- 
neer, Gen. Elec. Co., 84 State St., Boston, Mass. Dec. 19, 1902 
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Ковевтѕ, WILLIAM, Superintendent Motive Power, Northern Ohio Trac- 


tion and Light Co., Akron, Ohio. June 21, 1907 
ROBERTSON, CHARLES EMERY, Robertson Electric Co., 15 to 21 Terrace, 
Buffalo, N. Y. Nov. 25, 1904 


ROBERTSON, Jas. McCALLUM, Superinterdent, Power Department, Mon- 
treal Light, Heat and Power Co., Montreal, Р. Q. Apr. 26, 1901 


ROBERTSON, JAMES Townes, Electrician, South Eastern Tariff Associa- 


tion, Abbeville, S. С. May 14, 1906 
RoBERTSON, WILLIAM LERoy, Philadelphia Electric Co., Philadelphia; 
res., 1006 Main St., Darby, Pa. July 28, 1905 
RoBiNsoN, Атмом, Webster Road, Lewiston, Maire. Sept. 6, 1887 
ROBINSON, CHARLES CLARK, Assistant, Engireerirg Department, Tellu- 
ride Power Co., Provo, Utah. Aug. 25, 1905 
ROBINSON, EDWIN GARDNER, JR., Jim Creek Water, Light and Power 
Co., Inc., Arlingtor, Wash. Julv 19, 1904 
ROBINSON, Francis GEORGE, New York Railway Co.; res., 605 W. 
115th St., New York City. Nov. 21, 1894 
Rosinson, Geo. P., Pacific States Telephone ard Telegraph Co., Scott 
ard Fell Sts., San Francisco. May 16, 1899 


ROBINSON, JOHN KNOWLTON, a ox West Coast of South America, West- 
inghouse Elec. ard Mfg. Co., Iquique, Chili, S. A. Sept. 26, 1902 


ROBINSON, LAFOREST GEORGE, Electrical Engineer, Niagara Falls, Ont. 
Feb. 27, 1903 


Ковіхѕом, Lewis Tavrong, Engineer, General Electric Co., Schenectady, 
Y. ‘Aug. 17, 1904 
RoBiNsoN, Paur, Division Superintendent, California Gas ага Electric 
Corporation; res., 2520 Hillegas Ave., Berkeley, Cal. Mar. 1, 1907 


Rosinson, Percy Gitmour, Wire Chief, Merriam Park Exchange, Tri- 
State Telephone and Telegraph Co., St. Paul, Mirn. June 21, 1907 


ROBINSON, RALPH HARPER, Storage Battery Engireer, San Francisco Gas 


and Electric Co., San Frarcisco, Cal. Feb. 23, 1906 
RoBINSON, WaALTER PiLsBvRy, Electrical Apprertice, Westinghouse 
Electric and Mfg. Co., Pittsburg, Pa. Mar. 23, 1906 
RocHE, Percy, 265 Skady Ave., Pittsburg, Pa. Mar. 27, 1903 
Rockwoop, DwicHT CanmRiNGTON, Rochester Railway & Light Co., 
Rochester, N. Y. , Mar. 22, 1901 
Roppvewic, GEoRGE WASHINGTON, Columbia University; res., 69 W. 
93d St., New York Citv. Sept. 28, 1906 
RoppEvy, Joun Harvey, Assistant Engineering Department, Southern 
Power Co., Charlotte, N. C. Dec. 28, 1906 
RobENBAECK, GEORGE ALBRECHT, Assistant, Massachusetts Institute 
of Technology, Boston, Mass. Apr. 26, 1907 
RODGERS, ASHMEAD GRAY, Assistant Superintendent, The Carborundum 
Co., Niagara Falls, N. Y. Sept. 27, 1901 
Ropcers, GEORGE BRANNER, Consulting Engireer, Assistant, Charles Н. 
Ledlie, 918 Rialto Bldg., St. Louis, Mo. Oct. 26, 1906 
RopMAN, WALTER SHELDON, Instructor in Physics and Electrical Engi- 
neering, Rhode Island College, Kingston, R. I. Mar. 1, 1907 
RoE, JULIAN, Manager, Crocker Wheeler Co.; res., 4547 Michigan Ave.. 
Chicago, Ш. Sept. 28, 1906 
RogBLING, FERDINAND W., Manufacturer of Electrical Wires ard Cables, 
Trenton, N. J. June 8, 1887 
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Roepinc, HENRY UrnicH, Secretary, Pierson Roeding & Co., 77 New 


Montgomery St., San Frarcisco, Cal. Sept. 25, 1903 
RorrF, OTHO CLARENCE, Tester, Gereral Electric Со.; res., 146 Nott 
Terrace, Schenectady, N. Y. Mar. 29, 1907 


RoFFEY, MYLES HERBERT, Assistar.t, British Westir grouse Electric and 
Mfg. Со. ; res., Littlecot, Hornchurch, Essex, Eng. Jan. 25, 1907 
Rocers, FRED A., Assistant Professor of Electrical Engineerirg and 


Phvsies, Lewis Institute, Chicago, Ill. Feb, 23, 1906 
Rocers, HARRY BELL, Salesman, Errer-Hopkins Co., 162 North За St., 
Columbus, O. Feb. 24, 1905 
RocERs, JOHN JAMES ROBERT CHARLES, Electrical Ergireer, Lighting 
Station, Yaralla Concord, Sydney, N. 5. W. May 19, 1903 
RooERs, NELsoN W., Electrician, Cooper-Hewitt Laboratory, Madison 
Square Garden Tower, New York City. May 21, 1901 
Коге, ARTHUR F., Sales Engineer, Bullock Electric Mfg. Co., 71 Broad- 
way, New York City. Feb. 27, 1903 


RoMAN, JOSEPH MARTIN, 202 W. 137th St., New York City. Маг. 24, 1905 
RookE, THomas, Resident Ergireer, Messrs, Preece & Cardew, Town 


Hall, Sydney, М. S. Wales. Jan. 23, 1903 
Roper, DENNEY W., Electrical Engineer, Chicago Edison Co., 139 Adams 
St., Chicago. lll. Jure 6, 1893 
Rorty, MALCOLM CHURCHILL, Superintendert of Ттаћс, Central Dis- 
trict & Printing Telegraph Co., Pittsburg, Pa. Mar. 27, 1903 
RosE, GEORGE STANTON, General Electric Co.; res., 841 Union St., 
Schenectady, N. Y. Dec. 28, 1906 
Rose, SIDNEY LEon Еіллотт, Testing Department, Gereral Electric Со. ; 
res., 509 Summer St., West Lynn, Mass. Feb. 24, 1905 
RosEBRUGH, THOMAS REEVE, Professor of Electrical Engireerirg, Uri- 
versity of Toronto, Toronto, Ont. June 26, 1891 
RosENBAUM, Мм. A., Attorrey in Patent Cases, Nassau-Beekman Build- 
ing, 140 Nassau St., New York City. Jan. 3, 1889 


RosENBERG, E. M., M. E., 6 W. 90th St., New York Сиу. Oct. 21, 1890 
RosENBLATT, GiRARD B., Electrical Ergireer, Westirgl ouse Electric 


and Mfg. Co., Butte, Mort. Mar. 27, 1903 
RosENQUEST, EUGENE H., President ard Gereral Marager, the Brorx, 
Gas ard Electric Co., Westchester, N. Y. Mar. 27, 1903 


RosENSTENGEL, RvporpH, Irstructor in Electrical Ergireerirg, Agri- 
cultural ard Meckanical College, Stillwater, Okla. Dec. 15, 1905 
ROSENTHAL, LEoN WALTER, Electrical Ergireer, Columbia University; 


res., 240 West 137th St., New York City. Aug. 22, 1902 
Ross, JoHN OLIVER Gorpon, Engireer, Otis Elevator Co.; res., 4 Glen- 
wood Terrace, Yonkers, N. Y. jan. 25, 1907 
Ross, TayLor WiLLIAM, Newport News Shipbuilding ard Dry Dock Co., 
res., 3114 West Ave., Newport News, Va. Mar. 25, 1896 
RossMan, JAMES G., 25 Broad St., New York City. Sept. 25, 1903 
RorH, Roborro, Ergireer, traveler, Victor M. Braschi; res., Cadera St., 
No. 2, Mexico City, Mex. Jure 21, 1907 
Коссн, GEORGE CRUIKSHANK, Marager Sales Department, Tke Packard 
Electric Co., Ltd., St. Catharines, P. Q. Apr. 23, 1903 
Коме, GEoRGE CLARENCE, Electrical Ergireer, Agency, A. E. G., 67 
Oreilly, Havana, Cuba. Feb, 27, 1903 


ROWLAND, ARTHUR Јонх, Professor of Electrical Ergineering, Drexel 
Institute; res., 4510 Osage Ave., Philadelphia, Pa. Sept. 19, 1894 
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; RowLAND, HERBERT RaymMonp, Electrical Draftsman and Ergineer, 


1314 Continental Building, Baltimore, Md. Sept. 26, 1902 . 
ROWNTREE, BERNARD, Burdette-Rowntree Mfg., Со., 147 W. 26th St., 
New York City. May 15, 1905 


RowNTREE, HAROLD, Secretary, Burdett-Rowrtree Mfg. Co., 85 W. 
Jackson St.; res., 7321 Prirceton Ave., Chicago, Ill. Apr. 26, 1907 


RUCKER, BENJAMIN Parks, Electrical Engireer, Westirgr ouse E. & M. 


Co., Pittsburg, Pa. July 28, 1903 . 
RUCKGABER, ALBERT FELIx, with L. B. Stillwell, 100 Broadway, New 
York City. Nov. 22, 1901 


RuEBEL, Ernst, Ergireer, Ruebel Schwettmann Wells, 201 Clemica 
Buildir g; res., 4649 Cottage Ave., St. Louis, Mo. Арг. 23, 1903 


RUFFNER, CHARLES SHUMWAY, Electrician, The Telluride Power Co., 


Provo, Utah. Feb. 28, 1902 
Rucc, Ном аво Van, District Engineer, Westinghouse Electric ard Mfg. 
Co., 2011 Market St., Philadelphia, Pa. July 26, 1907 
Rucc, WALTER S., Ergireer, Westir grouse Elec. & Mfg. Co., 11 Pine St.; 
res., 225 W. 83d St., New York City. Mar. 28, 1902 
Rucctes, W. ARTHUR, Board of Education, 9th and Locust Sts., St. Louis, 
Mo. | Арг. 28, 1905 
Rupe, EnwiN Hervey, Telephore Ergireer, Kellogg Switchboard ard 
Supply Co., 1456 Lelar.d Ave., Chicago, Ill. Apr. 26, 1907 
RusH, FLETCHER Gray, Special Agent, Hartford Fire Irsurarce Co, | 
719 Equitable Building, Atlanta, Ga. Dec. 28, 1908 
Rusu, Harry SPEER, Inspection Department, North Shore Electric Co.; 
` res, 835 Michigan jog Evanston, Ill. Apr. 26, 1907 
RusHMorE, SAMUEL W.. Proprietor, Rushmore Dynamo Works, 629 
South Ave., Plairfield, N. J. Mar. 28, 1903 


RrsseL, EpcaR, Major, Chief Signal Office, Washington, D. С. 
Nov. 22, 1901 


RussELL, CHARLES J., District Marager, Philadelphia Electric Co.; res., 
3422 Disston St., Tacony, Ptiladelplia, Pa. Nov. 25, 1904 
RussELL, FRANK Henry, Presider.t Automatic Hook ard Eve Co, . 
Hoboken; res., 131 Sylvan St., Rutherford, N. J. Jan. 25, 1907 


Russert, GEoRGE WiLLIAM, JR., Electrical Engineer ard Cortractor, 


Russell & Co., 500 5th Ave., New York City. Jan. 23, 1903 
RussELL, H. A., Sales Agent, General Electric Co., res., 302 Laurel St., 
San Francisco, Cal. Nov. 22, 1899 
RUssELL, JAMES MILLAR, Student Polytechnic Institute; res., 881 East 
15th St., Brooklyn, N. Y. Feb. 23, 1906 
RvssELL, LEoNARD Pomeroy, Curtis & Hine, Giddirgs Bldg., Colorado 
Springs, Colo. jure 21, 1907 
RcssELL, SAMUEL, JR., Manager Crocker-Wheeler Co., 1315 North 
American Bldg., Philadelphia, Pa. Jan. 25, 1907 


Rust, Harotp Norwoop, Shepherd & Rust, Wilkes-barre, Pa. 
Sept. 28, 1906 
Кстн, EpwaRD DILLER, Superirterdert, Lancaster Electric Light, Heat 
ard Power Co., Larcaster, Pa. Apr. 27, 1906 
RUTHERFOORD, BRABAZON, Consulting Ergireer, Westirghouse Building; 
res., 6327 Howe St., Pittsburg, Pa. July 25, 1902 
RUTHERFORD, JAMES, Switchboard Regulator, New York Edison Co., 117 
W. 39th St., New York City. Oct. 27, 1908 
Ryan, WALTER D'Arcy, Engineer, General Electric Co., Lynn, Mass. 
| | | ' Jan. 24, 1902 
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Ryan, WiLLiAM CHARLES MELBOURNE, Electrical Engineer, Simmen 


Automatic Railway Signal Co., Oakland, Cal. Sept. 28, 1906 
Ryan, WILLIAM THomaS, Instructor in Electrical Engireering, University 
of Minnesota, Minneapolis, Minn. Mar. 29, 1907 
RYDER, BENJAMIN Hupson, Sales Agent, American Steel ard Wire Co., 
826 Frick Building, Pittsburg, Pa. Apr. 27. 1906 
Күрев, M. P., Supt. of Bronx Dist., New York Edison Co., 140th St. ard 
Rider Ave., New York City. May 21, 1901 
Ryerson, WM. Newton, Superinterdent, Ontario Power Co., Niagara 
Falls, Ontario. Aug. 23, 1899 


RvPiNsKi, MAURICE CHARLES, 4924 Center Ave., Pittsburg, .Pa. 
Mar. 27, 1903 
ЅАССАССІО, PIETRO CELESTINO, Leading Draftsman, Estacion Tallero 
(F.C. Sud), Dept. Locomotora, Buenos Aires, A. R. June 19, 1903 


SaDLER, ОЕНОРЕ, Operator, Rock Hill, S. С. June 21, 1907 
SAGE, Darrow, Superintent of building, Room 1103 Park Row Building, 
New Yoik City. Sept. 27, 1901 
SAGE, FREDERICK BRITTAIN Room 1302 Havemeyer Building, New 
York City. May 21, 1901 
SAGER, FRED ANSON, Erygineer, The Arnold Co., 181 La Salle St.; res., 
5116 East End Ave., Chicago, Ill. Nov. 24, 1905 
SAGER, LAWRENCE KINGSLEY, Patent Lawyer and Electrical Expert 
2 Rector St., New York City. June 21, 1907 
SAHULKA, Dr. JOHANN, Docent of Electrotechnics, Technische Hochschule 
Vienna, Austria. Dec. 20, 1898 
SAKAI, Yasuprro, Engineering Department, Westinghouse Electric and 
Mfg. Co., Pittsburg, Pa. Jure 21, 1907 
SALOMON, ARTHUR F., Manager, World's Fair Office, Nernst Lamp Co.; 
res., 4512 Cook Ave., St. Louis, Mo. Apr. 22, 1904 


SAMMETT, MATTHEW ALEXANDER, In charge Testing Department, Mon- 
treal Light, Heat and Power Co., Montreal, P. Q. Mar. 27, 1903 
SAMPSON, GEORGE Henry, JR., Electrical Ergireer, 505 Madison St.. 


Portland, Ore. Dec. 19, 1902 
SAMUELS, Maurice M., Engineer, General Electric Co., Schenectady. 
N. Y. Mar. 29, 1907 
SANDBORGH, OLoF ALFRED, Designing Engineer, Westinghouse E. & M. 
Co., Pittsburg, Pa. Mar. 27, 1905 
SANBORN, ARTHUR Roscoe, Expert Electrical Aid, William Cramp ard 
Sons, Philadelphia, Pa. Dec. 28, 1906 
SANDELL, SIXTEN Отто, Draftsman, New York Edison Co., New York 
City. Feb. 24, 1905 
SANDER, GEORGE HERMANN, Engineer, General Electric Co.; res., 20 S. 
Wendell Ave., Schenectady, М. Y. May 14, 1906 
SANDERSON, CLARENCE HERBERT, Electrical Engineer, Westir grouse 
Electric ard Mfg. Co., Pittsburg, Pa. Mar. 1, 1907 
SANDERSON, EbpwiN N., Sanderson & Porter, Engineers and Contractors 
52 William St., New York City. Oct. 17, 1804 
Sanbs, HERBERT STEAD, Engircerirg Salesman, Westinghouse Electric 
and Mfg. Co.; 429 17th St., Denver, Colo. Mav 14, 1906 
SANFORD, Елві L., Construction Engineer, Canadian Westinghouse Co., 
Ltd., Niagara Falls Center, Ont. Apr. 23, 1903 
SANFORD, GEORGE Epwin, Electrician, General Electric Co.; res., 20 
Holton Place, W., Lynn, Mass. Apr. 23, 1903 
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SANFORD, WARREN BixBy, Designing Engineer, United Telpherage Co., 


20 Broad St., New York City. Nov. 25, 1904 
SANGSTER, JosHUA, Power House Supt., Hamilton Electric Light and 
Cataract Power Co., Power Glen, Ont. Jan. 23, 1903 
SANVILLE, Henry F., са Secretary], Dodge & Day, 597 Drexel Bldg., 
Philadelphia, Pa. Feb. 28, 1901 
SARGENT, Howanp R., Engineer of Wiring Supplies, General Electric Co.; 
res., 2 Rugby Road, Sckerectady, N. Y. Mar. 25, 1896 
SATHERBERG, CARL Huco, Chief Engineer, The Midvale Steel Co., Nice- 
town, Philadelphia, Pa. Aug. 5, 1896 
SavaGE, HENRY., Electrician, 13 Bloomfield St., London Wall, London, 
Eng. Jan. 29, 1904 
SAWIN, GEORGE ALFRED, Assistant Engineer, Meter Department, General 
Electric Co., Lynn, Mass. Apr. 23, 1903 


SAWYER, BuRTON MANSFIELD, 1137 West Ist St., Los Angeles, Cal. 
Nov. 20, 1903 


SAWYER, WILLETS HERBERT, Ergireer, Ford, Bacon & Davis, 24 Broad 


St., New York City. Feb. 28, 1902 
SAXELBY, FREDERICK, Electrical Engineer, 39 Cortlardt St., New York 
City; res., East Orange, N. J. June 5, 1888 
SAYER, EUGENE YOUNG, Vice President and General Manager, Improved 
Equipment Co., 60 Wall St., New York City. June 21, 1907 
SAYLES, HENRY WHITMAN, Manager, Electrical Testing Co., 922 S. Adams 
St., Peoria, Ill. Mar. 24, 1905 
SAYLOR, FREDERICK ALEXANDER, Master Mechanic, М. Y. & L. I. Traction 
[Life Member.) Co., Hempstead, L. I. Jan. 24, 1900 : 
SCALES, Henry Jackson, Electrical Department, American Sheet and 
Tin Plate Co., Vandergrift, Pa. Jan. 25, 1907 
ScARFE, GEorRGE, Division Superintendent, Cailfornia Gas and Electric 
Co., Nevada City, Cal. Sept. 25, 1903 
SCARLETT, WILLIAM, Ergireer, United Telephone & Telegraph Co. of 
Philadelphia, 1825 N. 2nd St., Harrisburg, Pa. July 28, 1903 


SCHABINGER, FREDERICK, Switchboard Operator, Interborough Rapid 
Transit Co.; res., 158 West 96th St., New York City. Mar. 24, 1905 


SCHAEFER, EDWARD FRANKLIN, Poto Mires Corporation Rinconada Mining 


Co.; res., 242 West 136th St., New York City. June 21, 1907 
SCHAFER, OLIVER MILTON, Superintendent, Fire Alarm ard Police Tele- 
graph, 30 W. State St., Trenton, N. J., Apr. 22, 1904 
SCHARF, HENRY WARREN, Assistant Engineer, New York City Railway 
Co., 621 Broadway, New York City. July 28, 1903 
SCHATTNER, Ernest B., Schattrer & Co., Caxton House, Westminster, 
S. W., London, Eng. Nov. 23, 1906 ` 


SCHAUS, CARL ар Lighting Engireering ор General Elec- 
tric Co., res., 43 Front St., Schenectady, N. Y. jan. 29, 1904 
SCHEEL, HENRY VAN RIPER, Asant to General Superintendent, 
MacAndrews and Forbes Co., Newark, N. J. ү 25, 1907 
ScuERCK, Leon H., Superintendent Lighting Operating Dept., Ford 
Bacon & Davis, 24 Broad St., New York City. Sept. 28, 1906 
SCHIAFFINO, MARIANO L., Chief Electrician, La Electra S. A., 2 Belen St., 
Guadalajara, Mexico. Feb. 28, 1900 
ScHicK, DANIEL FREDERICK, Asst. Engineer Incardescent Lighting, 
Philadelphia Electric Co., Philadelphia, Pa. july 19, 1904 
ScHIER, OTTO L. J., Electrical Draughtsman, New York Edison Co., 55 
Duane St., New York City. Sept. 22, 1905 
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ScHILDHAUER, Epwarp, Electrical ard Mechanical Engineer, Isthmian 
Canal Commission, Washington, D. C. Nov. 22, 1901 
SCHILLER, FRED WiLLiAM, Foreman Meter Department, Utica Gas ard 
Electric Co.; res., 168 Seymour Ave., Utica, N. Y. Apr. 28, 1905 
SCHLOSSER, FRED G., Laclede Gas Lignt Co., 2721 Adams St., St. Louis 
Mo. Sept. 22, 1591 
SCHLUEDERBERG, CARL GEORGE, 210 No. Craig St., Pittsburg, Pa. 
July 25, 1902 
ScHLuss, Kurt, Superinterdent of Power, Tacoma Railway ard Power 


Co., Tacoma, Wash. Feb. 27, 1903 
SCHMEISSER, ERNEST GalL, Assistant Electrical Engineer, with George 
Gibbs, 10 Bridge St., New York City. Apr. 26, 1907 


ScHMID, ERNEST E., 25 Beekman Flace, New York City. Mar. 27, 1903 
ScHMIDT, HENRY FREDERICK, Engireer, Douglass Robirson, Clas. S. 
Brown & Co., 160 Broadway, New York City. May 20, 1902 
SCHMIDT, LAMBERT, President, The Lambert Schmidt Tel. Mfg. Co.,85 
Maple St., Weehawken, N. J. Nov. 22, 1901 
Scumipt, Lovis Mitton, Engireer Alternating Departmer.t, Gereral 
Electric Co.; res., 76 New Park St., Lynn, Mass. May 19, 1903 
Ѕснмірт, WALTER, Mechanical Ergircer, Carregie Steel Co., Newark, 


N. J. Apr. 23, 1903 
SCHMITT, FREDERICK E., Associate Editor, Engineering Neus, 220 Broad- 
way, New York City. Nov. 20, 1908 
SCHNEIDER, CARL ALBERT, Connecticut, Co., Ford Building, New Haven, 
Conn. May 17, 1904 
SCHNEIDER, GEORGE ARTHUR, Salesman, California Electric Co., 119 
East 7th St., Los Angeles, Cal. Apr. 27, 1906 
Scunuck, EpwARD FREDERICK, Production Engineer, Jabez Burns & 
Sons, 542 Greenwich St., New York City. Feb. 27, 1903 
SCHOLES, DANIEL Ransom, Chief Engineer, Aermotor Co., 12th ard 
Rockwell Sts., Chicago, IL. Mar. Z9, 1907 
SCHONHEIDER, RUDOLPH CHARLES, Chicago, Burlir gton ard Quircy R. R.; 
res., Highwood, Minn. Apr. 23, 1603 
SCHREIBER, GEORGE E., Corsultirg Ergi eer, Bary ard Schreiber, 72: 
Mermod ard Jaccard Bldg., St. Louis, Mo. Feb. 24, 1905 
SCHREIBER, HERMAN МІСТОК, 1301 Stephens Girard Buildirg, Phila- 
delphia, Ра. Sept. 25, 1903 
SCHREIBER, Martin, Engineer, M. of W. Public Service Railway Co., 
Passaic Wharf, Newark, N. J. Apr. 23, 1903 


SCHRENK, ARNOLD, Inspector, N. Y. C. & Н. R. R.R., New York City. 
Jure 19, 1903 


SCHRODER, BERNARD AvcGvsTUS, Marager, Crocker- Whecler Co., Hiber- 


nia Bank Building, New Orleans, La. Jan. 25, 1907 
SCHROEDER, FREDERICK ALBERT, Superintendent Roll Departmert, 
Cambria Steel Co., Westmount, Johnstown, Pa. — Jure 21, 1907 


SCHUCHARDT, RUDOLPH FREDERICK, Electrical Ergireer in Testing Labor- 
atory, Chic. Edison Co., 139 Adams St., Chicago, Ш. Apr. 23,1903 
SCHUERMANN, JULIUS, Manager, Star Electric Fuse Works, Wilkes-Barre, 


Pa. June 21, 1907 
SCHUETZ, FREDERICK, Solicitor of Patents, 132 Nassau St., New York 
City; res., 25 Johnson Ave., Newark, N. J. Mar. 27, 1903 


ScHULER, L., Electrical Engineer, Lahmeyer Co., Hochster Str. 45 
Frankfurt A/M, Ger. May 17, 1904 
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ScuU M, Cuas. H., Electrical Ergireer, Burke Electric Co., Erie, Pa. 


Feb. 23, 1898 

SCHUMACHER, JOHN HENRY, Assistant Superirtendent of Construction, 
W. I. Gray & Co., Minneapolis, Minn. Mar. 1, 1907 
SCHWAB, MARTIN C., Consulting Ergireer, Adams & Schwab, 914 Repub- 
lic Building, Chicago, Ill. Nov. 18, 1896 
SCHWABACHER, FRANK, Stockton Millirg Co., 112 California St.; res., 
1900 Jackson St., San Francisco, Cal. May 17, 1904 
SCHWABE, WALTER P., Supt. Rutherford Dist., Tre Gas ard Electric Co., 
of Bergen Co., Rutherford, N. J. Mav 19, 1896 
SCHWARTZ, CARL, Electrical Engineer, N. Y. С. & H. R. R.R., 5 Vander- 
bilt Ave.; res., 2100 FifthAve., New York City. Feb. 27, 1903 
Scowarz, ELMER H., Electrical Er gineer, 1125 Lexirgton Ave., New 
York Citv. Dec. 18, 1903 
ScHWAU HAUSSER, FREDERICK, Јк., Clerk, Charles Beseler Co.; 251 
Centre St., New York City. Mar. 27, 1903 
SCHWECKE, Henry C., Electrical E: gireer, Gereral Electric Co.; res., 
277 Glenwood Blvd., Schenectady, N. Y. Mar. 1, 1907 


SCHWEITZER, EpMUNpb Oscar, Testing Laboratory, Chicago Edison Co., 
130 E. Adams St.; res., 1906 Oakdale Ave.,Chicago, Ill. Feb. 15, 1899 
SCHWENNICKE, PauL H., CHR., Manager of Berginhe Electric Works; 
res., 129 Croncuberger St., Solingen, Germany. May 19, 1903 
SCLATER, RoBERTSON Hoskins, Electrical Draftsman, Newport News 
Shipbuilding and Dry Dock Co., Hampton, Va. Маг. 29, 1907 
SCOFIELD, Enwarv H., Electrical Engireer Twin City Rapid Transit Co., 


2700 Blaisdell Ave., Minneapolis, Minn. May 19, 1903 
Scott, ARTHUR Cunris, Professor of Electrical Ergirecrirg, University 
of Texas, Austin, Texas. june 19, 1903 


Scott, ALEXANDER HvcH, 512 Kelly St., Wilkinsburg, Pa. 
June 15, 1904 
Scott, CHARLES RALPH, Central Office Mazager, N. Y. ard N. J. Telephone 


Co., Tompkinsville, М.Ү. Oct. 26, 1906 
Scorr, CHESTER ARTHUR, Electrician, California Gas & Electric Corp., 
1225 Octavia St., San Francisco, Cal. Dec. 15, 1905 
Scott, GEORGE ALVIN, International Mfg. Co., 511 Woolworth Building, 
Lancaster, Pa. Jure 19, 1903 
Scott, GEORGE WALKER, Electrical Р Allis-Chalmers Со., The 
Bullock Electric Mfg. Co., Norwocd, Ohio. Mar. 29, 1907 
Scott, HERBERT ASHTON, Chief Ergireer, Electrical Ergireer, Horseshoe 
Forestry Co., Horseskoe, N. Y. Aug. 25, 1905 
Scott, HOLTEN HENRY. with H. L. Doherty & Co., 60 Wall St., New 
York City. May 14, 1906 


SCOTT, JAMES ALEXANDER, Erection Dept., WestirgFouse Electric ard 
Mfg. Со.,1004 New England Building,Clevelard, Ohio. Aug. 17, 1904 


Scott, JAMES CRoMnBiE, City Electrical Ergincer, Christchurch, New 


Zealand. July 19, 1903 
Scott, Quincy ADAMS, Electrical Ergireerirg Departmert, Westirgkouse 
Electric and Mfg. Co., Pittsburg, Pa. Dec. 19, 1902 


Scott, RoBERT JULIAN, Professor of Engireering ard Electricity, New 
Zealard Uriversity, Christchurch, New Zealard. Oct. 24, 1902 


Scott, WILLIAM ARTHUR, Salesman, Westingkouse Electric ard Mfg. Co., 


716 Board of Trade Buildirg, Boston, Mass. Apr. 28, 1905 
Scott, WM. M., Electrical Ergireer, The Cutter Electric ard Mfg. Co., - 
19th and Hamilton Sts., Philadelphia, Pa. June 23, 1897 
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SCOVILLE, GEORGE ALBERT, Engineer, Dean Electric Co., Elyria, О. 
Aug. 25, 1905 


SCRIBNER, CHARLES E., Engineer, Western Electric Co., 259 South Clin- 


ton St., Chicago, Ill. Mar. 28, 1902 
ScruBy, RoBINETT, Assistant Works Marager, British L. M. Ericsson 
Mfg. Co., Ltd., Beeston Notts, Eng. Apr. 23, 1903 

SCUDDER, HEWLETT, Jr., General Electric Co., Scherectady, N. Y. 
Nov. 22, 1899 


SEABROOK, HENRY HAMILTON, Manager, Westinghouse E. & M. Co. 
1507 Continental Trust Building, Baltimore, Md. Jan. 24, 1902 


SEAMAN, Epwin Hopkins, Electrical Engineer, Wantagh, L. I. 
Mar. 27, 1903 


SEAMAN, Hangorp HisBBARD, Marager, Electric Storage Battery Co., 


1127 Candler Bldg., Atlanta., Ga. Apr. 26, 1907 
SEAMAN, JOSEPH B., Chief of Testing Dept., Philadelphia Electric Co., 122 
Arch St., Philadelphia, Pa. May 19, 1903 


SEARING, Lewis, Vice-presidert ard Gereral Manager, Denver Engireer- 
ing Works Co., 901 East Tenth Ave., Denver, Colo. Apr. 3, 1888 


SEARLES, A. L., Electrical Engircer, Fort Wayre Electric Works, 222 


Houseman Building, Grand Rapids, Mich. Apr. 18, 1894 
SEARS, CHARLES ANDERSON, Superirtendent of Power House, Puget 
Sound lower Co., Electron, Wash. Jan. 27, 1905 
SEAVER, JAMES THATCHER, Chief Draughtsman, М. Ү. С. and Н. К. 
R.R. Co.. 335 Madison, Ave., New York City. Apr. 26, 1907 


SEAVER, WALTER HiBBARD, Assistant Sales Agent, American Steel and 
Wire Co., 16th ard Folsom Sts., San Francisco, Cal. Jure 21, 1907 
SEDGWICK, C. E., Sales Dept., Ft. Wayne Electric Works, Ft. Wayne, 


Ind. Feb. 23, 1898 
SEE, Atonzo B., А. B. See Electric Elevator Co., 220 Broadway, New 
York City; res., Lake Mahopac, N. Y. Jan. 17, 1898 
SEE, PIERRE V. C., Car Inspector, Metropolitan West Side Elevated 
Railway; res., 405 64th St., Chicago, Ill. Dec. 23, 1904 
SEEDE, JOHN AUGUSTINE, Designirg Ergireer, Gereral Electric Co.; res., 
133 Lafayette St., Shenectady, М. Y. Feb. 26, 1904 
SEIDELL, THOMAS GRACEN, Georgia Railway ard Electric Co.; res., 
46 Irwin St., Atlanta, Ga. Apr. 28, 1905 


SEIXAS, THEODORE GRISWOLD, Marager, American Instrument Co., 
Singer Building, New York City; res., Westheld, N.J. June 21, 1907 


SELDEN, ANDREW KENNETH, JR., 82 W. 5th St., Bayonne, N. J. 
Apr. 23, 1908 


SELDEN, GEORGE KEARSLEY, Construction Eng’r, Chesapeake & Potomac 
Telephone Co., 722 12th St., N.W.,Washington, D.C. Mar. 1, 1907 
SEMENZA, Guipo, Chief Electrical Engineer, Italian Edison Co., of Milan, 


Via Tomaso Grossi 2, Milan, Italy. May 20, 1902 
SEMPLE, BERT EnNEsT, Meter Expert, General Electric Co.; res., 38 
Walton PL, Chicago, Ill. Nov. 21, 1902 
SENSTIUS, SEBASTIAAN, Electrical Engineer, Triumph Electric Co., 
Cincinnati, Ohio. Feb. 27, 1903 
SERGEANT, ELLior MATTHEWS, Roberts Chemical Co., res., 300 Jefferson 
Ave., Niagara Falls, N. Y. Nov. 25, 1904 
SERINGHAUS, FREDERICK W., JR., General Electric Co.,; res., 954 8th 
Ave., New York City. May 14, 1906 


SERRELL, ARTHUR HAROLD, Patent Solicitor, L. W. Serrell & Son, 302 
Broadway, New York City; res., Brooklyn, N. Y. Mar. 25, 1904 
(27) | 


ASSOCIATES. 157 


SERRELL, LEMUEL Wm., Mechanical and Electrical Engineer, 29 Broad- 


way, New York City; res., Plainfield, М. J. Nov. 1, 1887 
SESSIONS, EDSON OLIVER, Sales Engireer, Stanley E. Mfg. Co., Monad- 
nock Block, Chicago, Ill. Mar. 28, 1902 
SESSIONS, FRANK Lonp, Mechanical and Electrical Engineer, The Jeffrey 
Mfg. Co., Columbus, Ohio. Nov. 21, 1902 
SESSIONS, WALTER SAMUEL, Electrical Engireer, 2896 Roxbury St., Los 
Angeles, Cal. Sept. 25, 1903 
SEYFERT, STANLEY SYLVESTER, Instructor, Lehigh University; res., 425 
Chestnut St., So. Bethlehem, Pa. Mar. 24, 1905 


SHAAD, GEORGE CaRL, Assistant Professor of Electrical Engineering. 
Massachusetts Institute of Technology, Boston, Mass. Feb. 27, 1903 


SHALLCROSS, WILMER MIDDLETON, Assistant to Chief Electrician, Bv- 
Products Coke Corporation, So. Chicago, Ill. Sept. 28, 1906 


SHANE, ADOLPH [Local Secretary], Acting Assistant Professor of Electrical 
Engineering, I. S. C., State College, Ames, Iowa. Dec. 23, 1904 


SHARER, CARL WapswoRTH, Electrical Engineer, 2224 Tioga St., Phila- 


delphia, Pa. Mar. 25, 1904 
SHARP, CLayton HarsEyv, Test Officer, Electrical Testing Laboratories. 
80th St. & East End Ave., New York City. Feb. 28, 1902 
HERREN Tuomas, Chief Engineer, Canton Electric Light & Water 
orks, Canton, Miss. Dec. 15, 1905 

SHARP, WiLLARD CAULFIELD, Superintendent, Des Moines Edison Light 
Co., Des Moines, Iowa. Feb. 23, 1906 
SHARPE, FREDERICK BassETT, Manager, The Liberty Light and Power Co., 
Liberty, N. Y. May 19, 1903 


SHAW, ALBION WALKER, Electrical Engineer, Stone & Webster, Engi- 
neering Corporation, 147 Milk St., Boston, Mass. Oct. 19, 1902 


SHaw, ALoNzo BENJAMIN, Electrical Engineer, Swift River, Mass. 
Sept. 25 1903 


SHAW, AwBREY NorMAN, Robert Shaw's U. S. Bonded Warehouses, 65 
Water St., New York City. Mar. 28, 1900 


SHaw, FRED Menzies, Tester, General Electric Co., Lynn, Mass. 
Apr. 22, 1904 


SHAW, Henry M., Treasurer, Shaw Ergireerirg and Mfg. Co., Newark; 


res., 145 N. 17th St., East Orange, N. J. Feb. 24, 1905 
SHaw, Howarpb Burton, Professor Electrical Ergir eering, Missouri State 
University, Columbia, Mo. Apr. 28, 1897 
SHAW, JOHN AITKEN, Engineer, 448 Lansdowne Ave., Westmount, Que. 
Aug. 17, 1904 

SHaw, WiLLIAM Davipson, Engineering Department, Utah Light 
& Railway Co., Ogden, Utah. May 15, 1905 
SHEAR, VERNE WARREN, Tester, Westirghouse Electric and Mfg. Co.; 
res., 511 Coal St., Wilkinsburg, Pa. Dec. 28, 1906 
SHEARER, J. Harry, Electrical Engireer, National Electric Light Co.. 
Mexico City, Mexico. Jan. 24, 1900 
SHELDON, ÉpwaARD E Luis, Member of Firm, Frost & Sheldon, 47 Hudson 
Ave., Albany, N. Ү. ` Арг. 25, 1902 


SHEPARD, BERT H. , Special Agent, C. N. Y. T. & T. Co., Black River, 
N. Y. Sept. 28, 1906 


SHEPARD, Francis Henry, Special Representative, Westirghouse 
Electric and Mfg. Co., 11 Pine St., New York City. Apr. 26, 1907 
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SHEPARD, FREDERICK Map, Northern Electrical Mfg. Co., Madison, 


Wis. Mar. 27, 1908 
SHEPARD, LyMAN, Superintendent, Electric Light ard Water Works, 
Edenton, N. C. Dec. 28, 1906 


SHEPHERD, FRANK ROLAND, Assistant Ergireer ard Busiress Manager, 
Noyes Brothers; res., Roslyn, Duredin, N. Z. Sept. 25, 1903 
SHEPHERD, Harry LAWRENCE, Assistant, Ralph D. Mershon, Street 


Railway Chambers, Montreal, Que. Aug. 25, 1905 
SHEPHERD, JOSEPH, Electrical Engineer, London County Council Tram- 
ways, London, Eng. Nov. 24, 1905 
SHEPPARD, ROBERT K., Sales Agent, American Steel and Wire Co., 809 
Pennsylvania Bldg., Philadelphia, Pa. Sept. 28, 1906 
SHERIDAN, MaRrIN Pump, Chief Electrician. Peregrira Mining ard 
Milling Co., Peregrina, Guanajuato, Mex. Mar. 29, 1907 
SHERWOOD, ЁрсАв F., Superirterdent of Tratfic, New York Telephone 
Co., 15 Dey St., New York City. Mar. 28, 1902 


SHERWOOD, Irvine Howarnp, Electrical Engineer, Odenton, Md. 
Mav 19, 1903 
SHIBUSAWA, Мото), 9 Haraikata Enachi Ushigorne, Tokvo, Japan. 
Mar. 24, 1905 
SHIEBLER, Marvin, Room 1102, 60 Wall St., New York Citv. 
Jan. 27, 1905 
SHIMIDZU, SoicHiRO, Engineer, 8 First St., North Aoyama, Akasaka, 


Tokyo, Japan. Dec. 18, 1903 
SHinjo, YosHio, Electrical Engineer, Tokyo Electric Co., Amishirocho, 
Azabuku, Tokyo, Japan. Feb. 24, 1905 
SHIPLEY, Pavut Raven, Electrical Engineer, Salt Lake Electric Co., 
Salt Lake City. Utah. May 15, 1905 
SHIPMAN, BENNET CARROLL, Corsultirg Electrical Ergineer, Atlas Bldg., 
604 Mission St., San Francisco, Cal. Jan. 23, 1903 
SHIRAS, OLIVER, Ergireer, Rome, М. Y. Mar. 24, 1905 
SHIRLEY, JAMES ]о$ЕРН, Partrer, Mexican Steel Products and Machirerv 
Co. Mexico Сиу, Mexico. May 15, 1905 
SHOCK, Tuos. A. W., Electrical Engireer, York Haven Water and Power 
Co.; res., 224 Carlisle Ave., York, Ра. Mar. 20, 1885 
SHOEMAKER, JouN FRANKLIN, Master Mechanic, Warren, Springer Co., 
197 So. Canal St.. Chicago, Ill. Oct. 26, 1906 
SHOVER, Влвтох Roy, Electrical Engineer, Indiana Steel Co., Gary, Ird.; 
res., Chicago, Ill. June 21, 1907 
SHREEVE, HERBERT Eipwanp, Western Electric Co., 463 West St, New 
York City. Apr. 27, 1906 
SHREVE, EARL OWEN, Supply Salesman, Gereral Electric Co., Union 
Trust Building, San Francisco, Cal. Sept. 28, 1906 


SHUFF, FRANK K., Chief Evgireer, Iowa State College, Ames, Iowa. 
Mar. 1, 1907 
SHUMAN, JoSEPH Henry, Assistant Electrical Engineer, Boston Elevated 


Railway, 552 Harrison Ave., Boston, Mass. June 14, 1905 
SHUSTER, JouN WESLEY JLocal Secretary], Assistant Professor of Elec- 
trical Engineering, Univ. of Wis., Madison, Wis. Jan. 3, 1902 
SuvrE, Henry Damon,’ Assistant to Vice-president, Westinghouse 
Electric and Mty. Co., Pittsburg, Pa. Mar. 1, 1907 
SIBLEY, ROBERT, Professor, Mecharical and Electrical Engineering Dept.. 
University of Montana, Missoula, Mont. Oct. 23, 1903 
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SIDDALL, JosEPH J., Student, American Telephone ard Telegraph Co.» 


908 Spruce St., Philadelphia, Pa. Jan. 25, 1907 
SIEBER, FERDINAND, Electrical Engineer, Westinghouse Electric & Mfg. 
Co., "East Pittsburg, Pa. Aug. 17, 1904 
SIEGFRIED, JOSEPH HENRY, Erecting Department, Westingbouse Electric 
& Mtg. Co., Pittsburg, Pa. Nov. 20, 1903 
SIGOURNEY, WILLARD Henry, Corsolidated Railway Co.; res, 115 
Greere St., New Haven, Conn. Mar. 27, 1903 
SILVER, ARTHUR ELMER, Chiet Electrician, Raleigh Electric Co., 745 
Hillsboro St., Raleigh, N. C. Jure 21, 1907 
SILVER, Ear D., Electrical Engineer, Western Electric Co., Hawthorre, 
Ш. Мау 19, 1903 
SILVERMAN, MORTIMER, Electrical Engineer, Western New York ard 
Pennsylvania Traction Co., Olean, N. Y. June 21, 1907 
Simon, ArtHtr, Electrical Engineer, Cutler-Hammer Mfg. Co., Mil- 
waukee, Wis. Sept. 25, 1903 
SIMONS, Іӧх, Сиу Electrician, Charleston, S. C. june 19, 1903 
SIMONTON, Marx, Gereral Manager ard Treasurer, tke Electric Supply 
and Construction Co., Columbus, Ohio. Mar. 27, 1903 
SIMPSON, ALEXANDER B., Electrical Engineer, 126 E. 41stSt,. New 
York City. May 21, 1891 
SIMPSON, FREDERICK GRANT, Chief Engineer, Kilbourre & Clark Co., 
Seattle, Wash. Mar. 25, 1904 
Simpson, GEORGE THoMas, Consulting Engireer, 604 Pioreer Press Bldg. 
St. Paul, Minn. Jan. 25, 1907 
Simpson, GEoRGE W., Salesman, Westinghouse Electric and Mfg. Co.; 
res., 22 N. 59th St., Philadelphia, Pa. Mar. 29, 1907 


Simpson, J. MANLEY, 960 Portland Ave., St. Paul, Minn. Jan. 25, 1899 
SIMPSON, RICHARD CHRISTOPHER, Lecturer, Technical College, Svdrev, 


N.S. W. Sept. 28, 1906 
Simpson, THoMas T., Consulting Engireer, 55 Spark St., Ottawa, Ort. 
Jan. 23, 1903 


SINCLAIR, LINDLEY EpGar, Gereral Superirterdent, Potomac Electric 
Power Co.; res., 3318 O St., Washington, D. C. July 28, 1903 


SIRRINE, JOSEPH Emory, Mill ard Hydraulic Engireer, Greenville, S. C. 


Apr. 28, 1905 
515Е, CHARLES F., President, Bell Telephore Co. of Canada, Montreal, 
Can. Jure 8, 1887 


SKEHAN, EUGENE AUGUSTINE, Engireer, New York Edison Co., New 
York City; res., 913 St. Johns Pl., Brooklyn, N. Y. Mar. 1, 1907 


SKELDING, ARTHUR BERTRAM, Gereral Marager, Consolidated Railwavs 
|. Light and Power Co., Wilmington, N. С. . . Jure 19, 1903 


SKIDMORE, JOHN JAMES, Ergireerirg Departmert, American Telephone 
& Telegraph Co., 125 Milk St., Boston; Mass. Sept. 28, 1906 


SKINNER, WILLIAM ELBERT, James Stuart Electric Co., “Ltd., 88 Princess 
St., Winnipeg, Manitoba. . Nov. 25, 1904 


SKIRROW, JOHN F., Electrician, Postal-Telegraph Cable Co.. 253 Broad- 
way, New York City; res., East Orange, N. J. Sept. 25, 1895 


Skoc, Gustar EMANUEL, Erecting Engineer, Elektriska | Westeras, 
Sweden. . May 17, 1904 


SLADE, ARTHUR J., Ph.D., Mechanical Engineer, Room 708, Times Bldg., 
New York City; res., 47 E. 58th St., New York City. Sept. 19, 1894 
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SLADEN, Harry S., Superinterdent Street & Installation Dept., Portland 
General Electric Co., Portlard, Ore. Oct. 27, 1905 


SLATER, CLARENCE COULTER, Gereral Superinterdent, Columbus Public 
Service Co., Columbus, O. Jan. 27, 1905 


SLATER, FREDERICK R., Electrical Engireer, 100 Broadway, New York 
City; res., 14 Arthur St., Yonkers, N. Y. Oct. 17, 1894 


SLOAN, JAMES RICHARD, Electrician, Motive Power Dept., P. R.R.. 
Altoona, Pa.; res., 607 West 61st PL, Chicago, Ill. Feb. 28, 1902 


SLOAN, MATTHEW ScorT, Asst. Supt., Elect. Department, Birmingham 
Railway Light and Power Co., Birmingham, Ala. June 21, 1907 


SLOANE, THoMAS O'Conor, JR., Gereral Contractor, 60 Wall St., New 
York City. Oct. 23, 1903 
SLOANE, WILLIAM Woopanp, Draftsman, Western Electric Co.; Chicago, 
Ill. Dec. 28, 1906 
SMALL, WILLIAM TELFORD, Instructor in Electrical Engireering, Purdue 
University; res., 427 Russell St., W. Lafayette, Ind. Jan. 25, 1907 
SMALLPEICE, FRANK CLipForp, Engireer, Canadian Gereral Electric Co., 


Ltd., Peterborough, Ont. | Jan. 29, 1904 
SMART os Cowie, Superintendent of Trarsmission Lines, Shawirigan 
ater and Power Co., Joliette, Que. Mar. 29, 1907 


SMEATON, JAMES HucH, Superintendent Gererating Station, Winnipeg. 
Electric Railway Co., Lac du Bonnet, Manitoba. June 21, 1907 


SMITH, ALLARD, ва of Construction, Chicago Telepkore Со. ; 
е 


геѕ., 1983 nmore Ave., Chicago, Ill. July 28, 1905 
SMITH, ALGY J., Electrician in Charge Naval Proving Grourd, Indian 
Head, Md. Mar. 29, 1907 


SMITH, ARTHUR Bessey, Purdue Univetsitv, Lafavette, Ind. 
| Мат. 25, 1904 


SMITH, ARTHUR R., Electrical Engineer, General Electric Co.; res., 621 


Terrace Pl., Schenectady, М. Y. Dec. 28, 1906 
SMITH, CLEMENT ARED Electrical Ergireer, Chili Telepkore Co.. 
Casilla 397, Sanitago, Chih. Dec. 18, 1903 
Ѕмітн, DANIEL ARTHUR, Head of Electrical Department, Tuskegee In- 
stitute, Tuskegee, Ala. Apr. 26, 1907 
SMITH, DANIEL SANFORD, Electrical Engireer, General Electric Co., 44 
Broad St., New York City. Dec. 28, 1906 
SMiTH, Dow S., General Superintendent, Brooklyn Rapid Transit Co.. 
Brooklyn, N. Y. July 28, 1903 
SMITH, ERNEST FRANK, Superinter dert of Sub-Stations, Chicago Edison 
Co., 139 Adams St., Chicago, lll. Jure 21, 1907 
SmitH, ErLis Burton, Assistant Factory Engireer, Western Electric 
Co., 463 West St., New York City. Dec. 28, 1906 
SMiTH, Emor A., Wire Chief, Southern N. E. Telephone Co.; res., 427 
Main St, Hartford, Conn. Dec. 18, 1903 
SMITH, Francis C., Gen. Supt. Harry Alexander, 18 West 34th St.; res., 
912 Home St., New York City. Jan. 23, 1903 
SMITH, FRANK WARREN, Manager, Sundh Electric Co., 115 Cedar St., 
New York City. Sept. 27, 1901 
SMITH, FRANK WHITNEY, Secretary, United Electric Light and Power Co., 
1170 Broadway, New York City. Apr. 28, 1905 


SMITH, GEoRGE WALLACE, Tutor, Electrical Engineering, University of 
Texas; res., 1908 Whitis Ave., Austin, Texas. June 21, 1907 
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SMITH, HARRISON ARTHUR, Salesman, General Electric Co., Chicago, Ш. 


Apr. 23, 1903 
SmitH, HARRISON WILLARD, Instructor of Electrical Engineering, Mass. 
Institute of Technology, Boston, Mass. Jan. 29, 1904 


SMiTH, HARTLEY LE Huray, Chief of Testing Bureau, Brooklyn Hts. R.R. 
Co., Kent & Division Aves., Brooklyn, New York. Nov. 25, 1904 


5мїтн, HENRY LAWRENCE, Electrical Engineer, General Electric Co.; res., 


23 State St., Schenectady, N. Y. May 15, 1905 
SMiTH, Не ввевт WiLMONT, Salesman, Stanley Electric Mfg. Co., Oliver 
Bldg., 141 Milk St., Boston, Mass. Mar. 24, 1905 
SMITH, Ho wanp F., Engireer, Н. Н. Humphrey Chemical Building, St. 
uis, Mo. Apr. 23, 1903 

SMITH, IR v 146 WiLLiAMs, Electrician, Bishop Gutta Percha Co., 420 E. 
25th St.; res., 5 W. 90th St., New York. Jan. 9, 1901 
SMITH, JOS рн ALLEN, General Electric Co., 44 Broad St., New York City. 
Jan. 23, 1903 


SMITH, J. Bronie, General Manager, Manchester Traction, Light and 
Power Co., 46 Hanover St., Manchester, N. H. Mar. 21, 1894 


SMITH, J Аз ES MACDONALD, Electrical Engineer, Crocker-Wheeler Co., Am- 
pere ; res, 95 North 19th St., East Orange, N. J. June 21, 1907 


SMITH, JA mses Norman, Electrical Engireer, Ross & Holgate, 80 St. 


ran cois Xavier St., Montreal, Р. Q. Mar. 27, 1903 
SITH ону Hayes, President Electrical Age, 45 E. 42d St., New York 
ity. Mar. 27, 1903 


SMITH, JULiran CLEVELAND, Superintendent, Shawinigan Water ard 
Power Co., Bank of Ottawa Bldg., Montreal, P. О. Nov. 20, 1903 


SMITH, LE O NARD GRANT, Chief Clerk to General Manager, 1001 Royal In- 


surance Bldg., Chicago, Ill. Oct. 27, 1905 
SMITH, LES TER, Meter Department, Philadelphia Electric Co., 122 Arch 
St., Philadelphia, Pa. Jan. 29, 1904 


SMITH, Lours CLARENCE, Foreman of Meter Wireman, etec., Edison Elec- 
tric Light Co., of Philadelphia; res., Woodbury, N. J. Apr. 23, 1903 
SMITH, OBERLIN, President and Mechanical Engineer, Ferracute Machine 


Со., Lochwold, Bridgeton, N. J. May 19, 1891 
SMITH, RaAyMmonp WestHorpE, Inspector, N. Y. C. and H. R. R.R. Co., 
Engineering Department, New York City. Apr. 26, 1907 
SMITH, ROBERT ARMSTRONG, Jr., Engineer, J. С. White Co., 43 Exchar ge 
- New York City. Oct. 27, 1905 

SMITH, ROBERT JAMES, Superintendent, Canadian Electric and Water 
Power Co., Ltd., Perth, Ont. May 17, 1904 
SMITH, SamueL Ногмеѕ, Jr., Engireer, Stanley Electric Mfg. Co., 
mpire Bldg., Atlanta, Ga. Feb. 26, 1904 


SMITH, SAMUEL JAMES, 202 So. Tryon St., Charlotte, N. C. Oct. 24, 1900 


SMITH, SAMUEL NEw TON, President, North Shore Reduction Co., Ltd., of 
Ontario, 424 Andrus Building, Minneapolis, Minn. Oct. 25, 1901 
SMITH, SamuEL WiLLIAM, Engireer & Salesman, Packard Electric Co.. 


| Room 400 Lindsay Building, Montreal, Que. Sept. 27, 1901 
SMITH, Seth Barton, District Manager, Canadian Westinghouse Co.. 
td., Vancouver, B. C. Mar. 1, 1907 
SMITH, THomas P., Assistant Chief Operator, Postal Telegraph & Cable 
Co., 253 Broadway, New York City. Sept. 28, 1906 
SMITH, Vinton, Student, Brooklyn Polytechnic Institute; res., 34 South 
Oxford St., Brooklyn, N. Y. Apr. 26, 1907 
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SMITH, WALTER CHARLES, General Electric Co.; res., 1009 Urion St., 


Schenectady, N. Y. Mar. 29, 1907 
SMITH, WALTER EUGENE, Electrician, The United States Navy Depart- 
ment, Midvale Steel Works, Philadelphia, Pa. Feb. 28, 1900 
Ѕмітн, WALTER F., 412 U.G. I. Bldg.; res., 2010 Ontario St., Philadelpt ia, 
Pa. July 26, 1900 
SMITH, WILLIAM JOHN, Manager, Wallace-Smith & Co., 19 Murray St., 
New York City. Jan. 26, 1906 
Ѕмітн, WILLIAM MCALLISTER, Telephore Engireer, Western Electric Co.; 
res., 301 E. 68th St., New York City. Mar. 29, 1907 


SmitH, WM. Stuart, U. S. N., 2538 Dwight Мау, Berkely, Cal. 
July 26, 1901 


SMITH, WILLIAM NELSON, Electrical Engineer, Westinghouse, Church, 


Kerr & Co., 8 Bridge St., New York City. Mar. 28, 1902 
Ѕмост, ALLEN, District Mains Superinterdent, 31 Conraught St., Hyde 
Park, W. London, Eng. Jan. 25, 1907 
SMYTHE, EpwiN Hutcuison, Expert in patent causes, 738 Могай: ock, 
Chicago; res., Freeport, 1ll. Apr. 23, 1903 
Snook, HoMER CLYDE, Manager, Roentgen Manufacturing Co.; res., 5414 
Norfolk St., Philadelphia, Pa. Sept. 22, 1005 
Snow, JOHN E. [Local Secretary], Associate Professor in E. E. Departmce: t, 
Armour Institute of Technology, Chicago, Ill. Mar. 27, 1903 
SNOWDEN, LAWRENCE WILMER, Foreman, Rowlard Telegraphic Co., 107 
E. Lombard St., Baltimore, Md. Dec. 15, 1905 
SNYDER, ALLEN LANE, Electrical Engireer, Seattle Electric Co., Seattle. 
Wash. | Nov. 23, 1906 
SNYDER, FREDERICK TITCOMB, Treasurer, Carada Zinc Co., Varcouver, ` 
B. C.; res, Oak Park, Il. - ^. May 15, 1905 
SNYDER, Harry Ray, Erecting Department, Westinghouse Electric & 
Mfg. Co., Pittsburg, Pa. Nov. 25, 1904 
SNYDER, Henry Nicuoras, Santa Paula, Cal. Apr. 22, 1904 


SNYDER, NATHANIEL Marion, 192 Dearborn Ave., Kankakee, Ill. 
Nov. 23, 1900 
SNYDER, RICHARD ANDREW LEE, Construction Engineer, Central District 


& Printing Telegraph Co., Pittsburg, Pa. Jan. 25, 1907 
Soans, CYRIL ARTHUR, Electrical Engineer, Bell Selector Telephone Co., 
1703 Melrose St., Chicago, Ill. jure 21, 1907 
SoLoMoN, NATHAN CLARENCE, with Harry Alexarder, 15 W. Fayette St.. 
Baltimore, Md. Aug. 22, 1902 
Somers, Lovis A., Westinghouse Electric & Mfg. Co., 2d & Howard Sts., 
San Frarcisco, Cal. Jure 14, 1905 
SOREN, TOWNSEND Норсеѕ, Electrical Engineer, General Electric Co., 
Schenectady, N. Y. Nov. 22, 1901 
SouTHWORTH, ManriN O., Engireer of Electrical Dept., Fairbanks, Morse 
& Co., Chicago, Ill. Feb. 27, 1903 
Sowers, Davip W., President, Н. W. Dopp Co., 1300 Niagara St.; res., 
834 Auburn Ave., Buffalo, N. Y. July 18, 1899 


SoxMAN, GEORGE MEADE, Constructing Telephone Engineer, Southwest- 
ern Tel. and Tel. Co., 335 State St., Dallas, Tex. Dec. 15, 1905 
SPALDING, Epwarn Burson, Electrician, Aluminum Co. of America 


East St. Louis, Ill. Apr. 26, 1907 
SPALDING., Рнилр LEFFINGWELL, Engineer, The Bell Telephore Co., 
Philadelphia, Pa. May 20, 1902 
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SPALDING, SAMUEL ALBERT, Superintendent of Power, Brooklyn Heights 


R.R. Co., 168 Montague St., Brooklvn, N. Y. May 15, 1905 
SPALDING, WILL, Draughtsman, Illinois Traction System; res., 530 W. Main 
St., Decatur, Ill. Jan. 29, 1904 


SPAULDING, PriNY P., Foreman of Experimental R.R., Gereral Electric 
Co.; res., 160 Brandywine Ave., Schenectady, N. Y. Mar. 27, 1903 


SPEAR, JAMES Oris, JR., Fort Wayne Ее Works, 1013 Empire Bldg., 


Atlanta, Ga. Feb. 26, 1904 
SPECHT, Hans CHRisTIAN, Electrical Engineer, Westinghouse Electric 
and Míg. Co., East Pittsburg, Pa. Dec. 23, 1904 


SPEIRS, CHARLES Epwarp, Manager, D. Van Nostrard Co., 23 Murray St., 
New York City; res., 2175 83d St.,M Brooklyn, N.Y. Dec. 19, 1902 


SPEIRS, CHARLES WILLIAM, Managing & Tech. Director, Morgan Crucible 
Co., Ltd., Battersea Works, London, S. W., Eng. Mar. 23, 1906 


SPELLMIRE, WALTER В., Allis-Chalmers Co., 814 Frick Building, Pitts- 


burg, Pa. May 21, 1901 
SPENCER, CHas. J., Editor, Electrical. Age, 45 E. 42d St., New York 
City. May. 21, 1901 


SPENCER, ELBERT Roy, Assistant Editor, Electric Journal, Pittsburg, Pa. 
Mar. 29, 1907 
SPENCER, EUGENE JACCARD, Consulting Engineer, 400 Merchants’ 


Laclede Bldg., St. Louis, Mo. Dec. 28, 1906 
SPENCER, FREDERICK FURMON, Assistant Engineer, Mexico Gereral 
Electric Co., Mexico, Mex. Feb. 27, 1903 
SPENCER, HENRY JOHN. Electrical Engineer, Hobart Gas Co., Hobart, 
Tasmania. jan. 26, 1906 
SPENCER, PAUL, Inspector of Electric Plants, United Gas Improvement 
Co., Broad ard Arch Sts., Philadelphia, Pa. Nov. 30, 1897 
SPENCER, THoMas, Electrician, Helios Manufacturing Co., Bridesburg, 
Philadelphia, Pa. May, 19, 1903 
SPENGEL, HERMANN GEORGE, General Marager, Rand Central Electric 
Works, Ltd., Johannesburg, Transvaal, S. A. sept. 26, 1902 
SPERLING, R. H., Assistant Ergincer, British Columbia Electric Railwav 
Co., Ltd., Vancouver, B. C. Nov. 23, 1898 


SPIEGEL, ALEXANDER S., Erg'g Dept., Chicago Telephore Co., 203 Wash- 
ington St.; res., 1955 Demivg. Place, Chicago, Ill. Dee. 23, 1904 


SPIES, ALBERT, Editor, The Electrical Record, 123 Liberty St., N. Y.City; 


res., 40 Glenwood Ave., Jersey City, N. J. Oct. 28, 1904 
SPOEKE: HERMANN, Union Electric Light ard Power Co., 10th ard 
St. Charles Sts., St. Louis, Mo. Sept. 27, 1901 
SPORBORG, H. N., Electrical Engineer, British Thomson-Houston Co., 
Rugby, Eng. July 25, 1902 
SPRINGER, FRED Foster, Telephore Ergircer, Pacific States Tel. ard 
Tel. Co., 216 Bush St., San Francisco, Cal. May 15, 1905 
SPRINGSTEEL, WILLIAM EvGENE, Chief Engireer, Weil & Maver, 580 
Broadway, New York City. Jan. 27, 1905 
SPRONG, SEVERN D., United Electric Light & Power Co., 1170 Broadway, 
New Vork City. Mar. 27, 1903 
SPURLING, OLIVER CROMWELL, Assistant Plant Engineer, Western Elec- 
tric Co., 259 So. Clinton St., Chicago, Ill. Feb. 27, 1908 
SPURRIER, JOHN Корогрн, Superintendent Fibre Conduit Co., Orange- 
burg, N. Y. Sept. 25, 1903 
SQUIER, GEORGE O., Mator, Ph.D., Assistant Commardant U. S. A. Sig- 
nal School, Fort Leavenworth, Kansas. May 19, 1591 
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SQUIRE, WILLIAM JOHN, Manager, Squire Electric Co., 113 E. 8th St., 
Kansas City, Mo. Sept. 28, 1906 


STABLER, HaRorp Brooke, Chief Inspector, Chesapeake ard Potomac 
Telephone Co.; res., 1214 I St., Washington, D. C. Feb. 26, 1904 
STADERMANN, ALBERT LEo, Engineer, Citizen's Independent Telephone 


Co., 120 South St., Terra Haute, Ird. June 19, 1903 
STAFFORD, Rex Tuomas, District Engineer, Allis-Chalmers Co.; res., 126 
Cottage St., Buffalo, N. Y. Nov. 20, 1903 
STAKES, D. FRANKLIN, Electrical Engineer, Westinghouse Electric & 
Mfg. Co., Philadelphia, Pa. Jan. 20, 1897 
STAL, Gustar, Electrical Designer, Allmanna Svenska Elektriska Aktic- 
bolaget, Elektriska, Westeras, Sweden. Mar. 24, 1905 
STALBERG, SVEN OLAF, Draftsman, General Electric Co.; res., 81 N. Com- 
mon St., Lynn, Mass. Apr. 23, 1903 
STANBROUGH, Duncan G., Master Electrician, U. S. Navy Yard, Norfolk, 
Va. Sept. 28, 1906 
STANLEY, GEoRGE James, Electrical Engineer, Aluminum Co. of 
America; res., Poqueto Club, Parnassus, Pa. Apr. 26, 1907 
STANLEY, HOWARD ARTHUR, Construction Department, General Electric 
Co., Schenectady, N. Y. Mar. 1, 1907 
STANSEL, Numa REID, Inspector of Mechanical & Electrical Engineering 
477 Federal Building, Chicago, ПІ. Mar. 27, 1903 
STANTON, WILLARD JAMES, General Superintendent, Corn Belt Telephone 
Co., Waterloo, la. Jan. 25, 1907 
STARTSMAN, CHARLES WENTWORTH, Sales Department, Crocker-Wheeler 
Co., Ampere, N. J. June 19, 1903 
STARZINGER, Отто, Salesman, Fort Wavre Electric Works, 325 Lincoln 
Trust Bldg., St. Louis, Mo. sept. 28, 1906 
STEBBINS, GEORGE ALFRED, Secretary and Erecting Engineer, Stebbins 
Engineering & Mfg. Co., Watertown, N. Y. Sept. 28, 1906 
STEBBINS, RowLaNpD, Engineering Salesman, Westinghouse Electric & 
Mfg. Co.; res., 6 E. 41st St., New York City. Apr. 26, 1907 


STECK. Ernst, Engineer, Dodge and Day, Drexel Bldg.. Philadelphia, Pa. 
May 14, 1906 

STECK, ROBERT, Designing Electrical Engineer, Western Electric Co., 259 
So. Clinton St.; res., 1520 Wolfram St., Chicago, Ш. Apr. 23, 1903 


STEELE, J. HERBERT, 580 State St., Springfield Mass. Mav 19, 1908 
STEELE, WALTER D., Electrical Engineer, Bentamin Electric. Mfg. Co.. 
42 West Jackson Blvd., Chicago, Ill. Apr. 25, 1900 
STEEN, Harry ANDREW, Designer of Electrical Apparatus, Westinghouse 
Electric & Mfg. Co., Pittsburg, Pa. . June 21, 1907 


STEIN, HERMAN KROBERGER, Erecting Engineer, Westinghouse Electric 
and Mfg. Co.,730 Board of Trade Bldg.. Boston, Mass. Apr. 26, 1907 


STEINMETZ, EDWARD GEORGE, Asst. Supt.. The Electric Storage Battery 
Co., 19th St. and Allegheny Ave., Philadelphia, Pa. Sept. 26. 1902 


STENGER., LAWRENCE A., Engireerirg Staff, Twin City Rapid Transit Co.; 


res., 313 За Ave.. 5. E. Minneapolis, Minn. Dec. 28, 1906 
STEPHENS, ARTHUR HaRLAN, Engineer, 812 West Mercury St., Butte. 
Mont. Nov. 21, 1902 
STEPHENSON, Harry LvcrkeN, Westinghouse Electric апа Mfg. Co., 1107 
Traction Bldg., Cincinnati, Ohio. June 14, 1905 
STEPHENSEN, ODDGEIR, Department of Electrical Engineering, Univer- 
sity of Illirois, Urbana, lll. Apr. 27, 1906 
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STERN, Рнплр Коѕѕотн, Practising Electrical and Mechanical Engineer- 
ing, 521 W. 182d St., New York City. Nov. 28, 1900 


STERNEFELD, ISIDORE, Manager, Electrical Department, G. & О. Braniff 
& Co., Callé Cadena 19, Mexico, Mex. June 19, 1903 


STETSON, ALMON BEEDE, Electrical Engineer, American Tel. & Tel. Co., 

125 Milk St., Boston; res., Malden, Mass. Apr. 28, 1905 
STEUART, WILLIAM, Partner Steuart & Fenn, Auckland, М. Z. 

june 19, 1903 

STEVENS, CABor, Electrical Engineer, Columbus Power Co., Columbus, 


Ga. June 28, 1901 
STEVENS, Oscar EGERTON, General Railway Signal Co., Rochester, N. Y. 
Apr. 26, 1907 

STEVENS, THEODORE, Electrical Engineer, British Thomson Houston. Co.; 
res., 26 Montalt Road, Woodford, Eng. Oct. 27, 1905 
STEVENS, WILLIAM Norton, Assistant Mechanical Engineer, J. G. White 
& Co., 43 Exchange Pl, New York City. Dec. 15, 1905 
STEVENSON, EpwARD WILLIAM, Hazard Mfg. Co.; res., 402 South River, 
Wilkesbarre, Pa. Mar. 27, 1903 
STEVENSON, Francis Lesie, Electrical Engineer, International Har- 
vester Co., 7 Monroe St., Chicago Ill. Sept. 25, 1903 


STEVENSON, JOHN MCALLISTER, JR., 28 Reed St., Pittsfield, Mass. 
June 14, 1905 
STEWART, GEORGE WIGRAM, Manager, Victorian Branch, Standard Elec- 


tric Elevator Co., Melbourne, Victoria. Feb. 23, 1906 
STEWART, JAMES A., Superintendent of Plant, New York & New Jersey 
Telephone Co., 15 Dey St., New York City. July 26, 1907 
STEWART, MILES VINCENT, Commercial Engineer, General Electric Co., 
Schenectady, N. Y. May 14, 1906 
STEWART, NEWELL СОЕ, JR., General Electric Co., 681 Ellicott Square, 
Buffalo, N. Y. May 15, 1905 
STEWART, RICHARD GLypDE, General Foreman Memphis Street Railway 
Co., 586 Lauderdale St., Memphis, Tenn. Mar. 29, 1907 
ST. GEorGE, Harry LuxMoonE, with Ralph D. Mershon, 60 Wall St., 
New York City. Mar. 27, 1903 
STICKNEY, GEORGE Hoxie, Electrical Engineer, General Electric Co.; res., 
51 Tudor St., Lynn, Mass. Feb. 26, 1904 


STICKNEY, JOSEPH WHITE, Central Union Tel. Co., Anderson, Ind. 
| Мат. 27, 1903 
STIELER, FREDERICK CARL, Engineering Department, Westinghouse 


Electric & Mfg. Co., Pittsburg, Pa. Mar. 29, 1907 
STILLMAN, Harry Noyes, Instructor Electrical Engineering, Spring Gar- 
den Institute, Philadelphia, Pa. June 21, 1907 
STILWELL, TOM KENNAN PRICE, Assistant Illuminating Engineer, General 
Electric Co., Lynn, Mass. Apr. 23, 1903 
STIMPSON, CLARENCE ARNEY, Installation Bureau, Philadelphia Electric 
Co., 122 Arch St., Philadelphia, Pa. May 17, 1904 
STINE, WILBUR M., Professor of Engineering, Swarthmore College, Swarth- 
more, Pa. May 15, 1894 
STINEMETZ, WILLIAM RENRICK, 1531 P Street, Washington, D. С. 
Apr. 23, 1903 
STIRLING-THORPE, JOHN EDWARD, Superintendent Electrical Equipment, 
S. A. Luz Electrica, San Juan, P. R. Apr. 27, 1906 
STITES, RICHARD, Secretary Electric Supply and Construction Co., 80 E. 
Gay St., Columbus, O. Feb. 26, 1904 
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STOCKBRIDGE, бео. H., Patent Attorney, 111 Broadway; res., 2514 11th 


Иле Member.] Ave., near 187th St., New York City. May 24, 1887 
STOCKER, LEOPOLD, Ist Class Sergeant, Signal Corps, U. S. Army, Ft. 
Strong, Boston, Mass. Sept. 22, 1905 
STOCKTON, JOHN, Electrical Engineer, W. F. Whittemore, 1 Newark St.; 
res., 1221 Washington St., Hoboken, N. J. June 14, 1905 
STOCKWELL, JOSEPH Francis, Asst. Gereral Marager, Keystore Tele- 
phone Co., Philadelphia, Pa. jure 19, 1903 
STODDARD, НАЕКҮ CABLE, Superinterdent, Cordor Water ard Power Co., 
'Tolo, Ore. Nov. 24, 1905 


STOKES, HuGH GREGORIE, Engineer, Hall Bros., Dadeville, Ala. 
jure 15, 1904 


STOLL, CLARENCE GRIFFITH, Telephone Engineer, Western Electric Co., 


259 So. Clinton St., Chicago, Ill. Apr. 26, 1907 
STONE, CHARLES LE Roy, Manila Railway and Lighting Co., Manila, P. I. 
Oct. 24, 1902 


STONE, FRANK J., Manager, Electric Storage Battery Co., 60 State St.. 
Boston; res., 66 Highland Ave., Somerville, Mass. Mar. 25, 1904 


STONE, ЈоѕеРНн P., Oficina de Talleres, Ес rro Carril Oeste de Buenos Aires 
Estacion Linieres, F. C.O., Buer os Aires, A. R. Dec. 18, 1895 


5$тохЕ, Rox Lynne, Student, Cornell University; res., 408 Eddy St., 


Ithaca, N. Y. Jan. 25, 1907 
STONE, WILLIAM, Electrical and Lighting Engineer, The Victoria Railwav; 
res., 17 Doona Ave., Melbourne, Victoria. june 19, 1903 
STONEY, MarcorLM Percy, Partner, Philadelpha Engineering Co., 333 
Heed Bldg., Philadelphia, Pa. Sept. 28, 1906 
STORER, SIMON BREWSTER, Consulting Electrical Engineer, 732 Univer- 
sitv Block, Syracuse, N. Y. Apr. 25, 1902 
STOVEL, RussEL WELLESLEY, Electrical Engineer, Westinghouse, Church, 
Kerr & Co., 8 Bridge St., New York City. Apr. 25, 1902 
STOVER, JosEPH WoopMan, President Gamewell Fire Alarm Telegraph 
Co., 19 Barclay St., New York City. Jure 15, 1904 
STOVER, Roperick, Albuquerque, New Mexico. Aug. 22, 1902 
STOWE, FRANK RABINEAU, Operator, Power Transit and Light Co., 
Bakersfield, Cal. June 21, 1907 
STRASBURGER, EpGAR, Assistant in Cable Department, Western Electric 
Co., 463 West St., New York Citv. Mar. 27, 1903 
STRASZEWSKI, CASMIR RICHARD, Westinghouse Electric & Mfg. Co.; res., 
515 Eliot St., Pittsburg, Pa. May 15, 1905 
STRATTON, SAMUEL W. Director, National Bureau of Standards, Wash- 
ington, D. C. May 17, 1904 
STRAUB, ALBERT RupoLpH, Foreman, Western Electric Co., 463 West 
St, New York City. June 14, 1905 
STAUFFER, Henry E., Assistant Examiner, U. S. Patent Office, Wash- 
ington, D. C. Sept. 28, 1906 
Straus, TukoponRE E., Electrical Engineer, Maryland Life Building, 10 
South St., Baltimore, М. Р. Nov. 18, 1896 


STREET, CLEMENT F., 40 Lafavette St., New Rochelle, N.Y. Jan. 27, 1905 
STREET, GEORGE TATUM, Stone & Webster, Engineering Corp., 147 Milk 


St.. Boston, Mass. Dec. 19, 1902 
STREETER, STEVENS Dana, Ergireer, Westinghouse, Church, Kerr & Co., 
10 Bridge St., New York City. Mar. 23, 1906 
STRENG, Lewis STARR, Chief Engineer, Kentucky Electric Co., Louis- 
ville, Ky. May 17, 1904 
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STRICKLAND, Том Prncivar, Chief Assistant Electrical Ergireer, 51 
Philip St., Sydney, N. S. W. Nov. 25, 1904 
STRIKE, ROBERT JOHN, Mains Engineer and Techrical Assistant, Laurces- 
ton Corporation, Town Hall, Laurceston, Tasmania. Jan. 29, 1994 


STROHMAN, WILLIAM, Engineer, Gorochovaya 61, St. Petersburg, Russia. 
: Apr. 22, 1904 


STRONG, JAMES REMsEN, Presidert, The Tucker Electric Construction 
Co., 35 So. William St., М. Y.; res., Short Hills, N. J. Mar. 22, 1901 


Stronc, Rusu Price, Electrician, Louisiana Fire Prevention Bureau, 
807 Hibernia Bldg., New Orleans, La. Jan. 23, 1903 


StuBBS, WILBUR SEWALL, Guinle & Co., Rio Janeiro, Brazil. May 14, 1906 
STUEVE, Cari A. E. G., Electrical Engineer, with С. O. Mailloux, 76 


William St., New York City. Apr. 23, 1903 
Stuntz, ALBERT WELLS, Designing Electrical Engineer, Morgan Engineer- 
ing Co., Alhance, Ohio. Apr. 27, 1906 
STURDEVANT, Cuas. RALPH, Electrical Engineer, American Steel & Wire 
Co., Worcester, Mass. May 16, 1899 
SturcES, Harry WILTON, Electrical Engineer, American Tool and Ma- 
chire Co. of Boston, Mass. Apr. 26, 1907 


Sturces, Warp LEE, Electrical Engineer, Bush Terminal Co., Brooklyn, 
М. Y.; res., 204 W. 105th St., New York City. Jan. 23, 1903 


STURGESS, GEORGE MEYNELL, Superintendent of Electrical Department, 


Lackawanna Steel Co., Buffalo, М. Y. Sept. 28, 1906 
Sturcis, EDWIN ALBERT, Superinterdent of Equipment, Mass. Elec. Co., 
84 State St., Boston, Mass. Feb. 24, 1905 
Stutz, CHas. C., Assistant Chief Engineer, Pittsburg Plate Glass Co., 
Frick Building, Pittsburg, Pa. Mar. 28, 1900 
SUGIYAMA, SEIJIRO, Municipal Electric Railway Dept., City Hall, Osaka, 
Japan. Mar. 25, 1904 


SUHR, Отто Bruno, Engineer, The Telluride Power Co., Provo, Utah. 
July 19, 1904 


SULLIVAN, JEREMIAH W., Chief Operator, Postal Telegraph Cable Co.; 


res., Stafford House, Buffalo, N. Y. , Jure 15, 1904 
SUMMERS, LELaAND L., Electrical Engineer, Barberton, Ohio. 
Feb. 16, 1892 
SUMMERHILL, ERNEST Joun, Supervising Engincer, Br. Westinghouse Elec- 
tric and Mfg. Co., Ltd., London, England. Mar. 1, 1907 
SUNDHEIMER, ARTHUR Isaac, Student, Columbia University; res., 234 
W. 137th St., New York City. Apr. 26, 1907 
SUTHERLAND, Henry T., Electrical Engineer, 1233 Appletree St., Phila- 
delphia, Pa. 2 June 14, 1905 
SUTTER, FREDERICK C., Member, Pittsburg Transformer Co., Pittsburg, 
Pa. Dec. 18, 1903 
SUTTON, FRANK, Consulting Electrical Engineer, 91 Wall St., New York 
City. Apr. 26, 1907 
Swain, ]о$ЕРН Gorpon, Erecting Engireer, Westinghouse Electric & 
Mfg. Co., Pittsburg, Pa. Apr. 28, 1905 


SWEENEY, BAYARD K., Marager of Denver Sales Office, The N. Y. Insu- 
lated Wire Co.,etc., 708 Equitable Bldg., Denver, Col. Mar. 27, 1903 


SWEENY, Joun Epwanp, Chief Clerk, Department of Electricity, James- 
town Exposition Co., Pine Beach, Va. June 21, 1907 


SWEET, Horace Brimmer, Electrical Engineer, Utica, N. Y. 
Dec. 15, 1905 
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SwEETLAND, RALPH, Electrical Inspector, New England Insurance Ex- 
change, 55 Kilby St., Boston; res., Natick, Mass. Oct. 25, 1901 
SwEETSER, PHILIP STARR, Paducah Light and Power Co., Paducah, Kv. 
Sept. 22, 1905 

Swink, Davip MAXWELL, Superintendent, Winchester & Washington 
City Ку. Co., Winchester, Va. Aug. 17, 1904 


SwiTZzER, GEORGE H., Bath, N. Y. Feb. 27, 1903 
SwoBoDa, ADOLPH RuporPH, Engineering Dept., Kellogg Switchboard 

Supply Co.; res., 5141 Morgan Ave., Chicago, Ill. Sept. 28, 1906 
SwoPE, GERARD, Power Apparatus Manager, Western Electric Co., 259 


So. Clinton St., Chicago, Ill. Apr. 26, 1899 
SYKES, FREDERICK GEORGE, Electrical Engineer, Portland General 
Electric Co., Portland, Ore. May 19, 1903 
Sykes, Henry H., Gen. Supt., Southern New England Telephone Co., 
New Haven, Conn. Oct. 18, 1893 
Sykes, Henry WALTER, Electrical Engineer, Solvay Process Co., Syra- 
cuse, N. Y. june 14, 1905 
Symes, Harry, Sup?rintendent, Electrical Development Co., Niagara 
Falls, N. Y. Mar. 29, 1907 
Szuk, Geza, Chief Engineer, Ganz & Co.; res., Csalogany utcza 52 Buda- 
pest 11, Hungary. Jan. 3, 1902 
TABER, SILAS, Moravian Electric Light, Heat and Power Co., Moravia, 
N. Y. Mar. 27, 1903 
TACHIHARA, Jin, Electrical Engineer, Mitsu Bishi Dockyard & Engine 
Works, Kobe, Japan. Jan. 26, 1898 


TaDA, SHIGEKANE, Lieut., Kure Naval Arsenal, Kure, Japan. 
Mar. 27, 1903 
TAGGART, RALPH Соме, Associate Engineer, Wm. J. Baldwin; res., 311 


W. 95th St., New York City. Dec. 28, 1906 

Tait, FRANK M,, Dolo Electric Light and Power Co., Davton, O. 
Sept. 19, 1894 
TALBOT, RICHMOND, Partner, Sanderson & Porter, 35 William St., New 
York City; res., Tuxedo, N. Y. July 25, 1902 
TALBOTT, WILLIAM MAURICE, Superintendent, Red Telephorica, 20 Zulu- 
etra St., Havana, Cuba. Dec. 23, 1904 
TAMLYN, WALTER IRVING, Electrical Engineer, with Ralph D. Mershon, 
60 Wall St., New York City. Mar. 27, 1903 
TAPLEY, WALTER H., Walker Electric Co., 23d & Noble Sts., Philadelphia, 
Pa. Oct. 25, 1892 


TAPPING, CHESTER HARTRANFT, Assistant Superintendent Edison Elec- 
tric Illuminating Co., 3 Head Place, Boston Mass. Apr. 27, 1906 


TATEM, CLIFFORD Ross, Technical Salesman, Allis-Chalmers Co., Buffalo, 
. Y. Mar. 1, 1907 


Taussic, WILLIAM S., Sales Еп;лпеег, Western Electric Co., 259 So. 
Clinton St., Chicago, 111. Mar. 29, 1907 


Tatum, Lewis LEEps, Cutler Hammer Mfg. Co., Milwaukee, Wis. 
| Feb. 27, 1903 
TAUBENHEIM, ULRICH E., Manager, City Water Works, Archangel, Russia 
Nov. 24, 1905 
TAYLOR, ALBERT, Manager, New York Office, Electric Storage о 


Со., 100 Broadway, New York City. May 21, 1901 
TAYLOR, CHARLES HENRY, Assistant Engineer, Marconi Wireless Tcle- 
graph Co. of America, South Wellt'eet, Mass. June 21, 1907 
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TayLor, Enwarp, Engineer, Brooklyn Heights Rd. Co., 2075 Broadway; 


res., 373 Hawthorre St., Brooklyn, М. Y. Apr. 28, 1905 
TayLor, EpwARD R., Manufacturing Chemist, Penn Yan, N. Y. 
Jan. 23, 1903 
TAYLOR, FRANK H., Yale & Towne Mfg. Co., 9 Murray St.; res., 995 Madi- 
son Ave., New York City. Jan. 3, 1902 
TayLor, Henry WirLiAM, Desigrirg Ergireer, British Thomson Houston 
Co., Ltd.; res., Henry St., Rugby, Eng. Mar. 1, 1907 
TAYLOR, JEREMY F., Cero de Pasco Co., Cero de Pasco, Peru. 
i Dec. 27, 1899 


TAYLOR, JOHN B., Кн Engineering Department, Gereral Electric 
Co., Sckenectady, Y. | Мат. 27, 1903 


TAYLOR, JOHN ORLO, Assistant Engineer, Colon Construction Division, 
Canal Zore, Panama. May 15, 1905 


TayLor, NEIL, 58 Frederick St., Loughborough, England. Apr. 23, 1903 


TAYLOR, ROBERT CAMPBELL, Superinterdent Motive Power, Indiana 
Union Traction Co., Arderson, Ind. july 28, 1903 


TAYLOR, SAMUEL Ngwrow, Prof. of Elec. Engg., Western Univ. of Penn- 
sylvaria; res., 2206 Perrysville Ave., AllegEeny, Pa. Dec. 18, 1903 


TAYLOR, WILLIAM ARTHUR, Electrical Er gireer, 241 Union St., Freeport; 


res., 462 Foster Ave., Chicago, Ill. Jan. 29, 1904 
TAYLOR, WILLIAM BaiLEyv, Technical Assistant, Gereral Electric Co.; 
res., 44 Harover St., Lynn, Mass. Feb. 24, 1905 


Taylor, WILLIAM THOMAS, Superirterdent ard Chief Electrician 
Compar.ia Irdustrial Mexicara, Chihuahua, Mexico. Jan. 29, 1904 


TEpronp, HARRY ALFRED, Superinterdent, Northern California R. Co., 


Manton, Cal. Mar. 24, 1905 
TEMPLE, WoRRALL E. S., Instructor in Electrical Engineering, University 
of Pennsylvania, Philadelphia, Pa. Oct. 23, 1903 
TEN Eyck, PETER GANSEVOORT, Vice-president, Federal Railway Signal 
Co. Albany, N. Y. Dec. 18, 1903 
TENNEY, EpGAR LAMonT, Draftsman, Indiana Steel Co.; res., 251 Mon- 
trose Boulevard, Chicago, Ill. ` Apr. 26, 1907 
TER MEER, HENRY CHARLES, Electrical Engineer; res., 930 Hudson St., 
Hoboken, N. J. Feb. 28, 1901 
TER MEULEN, F. W. К. von L., Assistant Ergineer, Westinghouse, Church, 
Kerr & Co., 10 Bridge St., New York City. Apr. 22, 1904 
TERRY, ALBERT SLOCOMB, Treas. ard Marager, Tke Sunbeam Incandes- 
cent Lamp Co., 463 West St., New York City. Jan. 24, 1902 


TERVEN, Lewis AucvsTvs, Electrician, Arthur Frantzen Co., Puerta 
Folsa de San Ardres No. 88, Mexico City, Mex. Jan. 29, 1904 


TERvET, RoBEnT, Technical Engineer, Western Electric Co., North 


Woolwich, London, Eng. | sept. 27, 1901 
Testa, NrKOLA, Electrical Engineer ard Inventor, Wardenclyffe, Long 
Island, N. Y. June 5, 1888 


THALER, JOSEPH AUKEN [Local Secretary], Professor of Electrical Engi- 
neering, Montana A. & M. College, Bozeman, Mont. July 28, 1903 


THAYER, BURDETT CorDALE, Westirgkouse Electric and Mfg. Co., 730 
Board of Trade Bldg., Boston, Mass. Apr. 26, 1907 
THAYER, GEORGE LancstaFF, M. E., Consulting Engineer, 418 Liddelle 
Bik., Spokare, Wash. Aug. 5, 1896 
THAYER, Harry Bates, Vice President Western Electric Co., 463 West 
St., New York City. May. 29, 1907 
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THIBODEAUX, ERNEST AucvusTUS, Superintendent, Municipal Power 


Plant, Doraldsonville, La. Mar. 29, 1907 
THOMAS, ALFRED CLARENCE, Engireer, The New York Telephore Co., 
15 Dey St., New York City. Feb. 28, 1902 
THoMas, CARROLL, Electrical Engireer, United Railways ard Electric 
Co.; res., 1802 Guilford Ave., Baltimore, Md. Mar. 24, 1905 
Tuomas, Davin Rapes, Electrical Engineer, Port Jervis Electric Co., 
Port Jervis, N. Y. Apr. 23, 1903 
THOMAS, GEORGE CARLYLE, Engireer, Singer Mfg. Co.; res., 143 Beach 
St., Bridgeport, Conn. Apr. 26, 1907 
THoMas, Joun WiLLiAMS, Thomas Engineering Co., 26 North 7th St., 
Allentown, Pa. Mar. 22, 1901 
Tuomas, Lucian ALvaH, Draughtsman, Westinghouse, Church, Kerr & 
Co.; res., 107 W. 123d St., New York City. Jan. 25, 1907 
Tuomas, RicHarD HEwnry, Sales Agent, White and Middleton Gas 
Engine Co., 107 Liberty St., New York City. Aug. 17, 1904 
Tuomas, Rosert McKean, E. E., Member firm of Thomas & Betts, 141 
Broadway, New York City. Apr. 22, 1896 
Tuomas, Rovar Davip, Oakmont, Pa. Mar. 1, 1907 
Tuomas, STEPHEN A., Chief Electrical Inspector, Department of Educa- 
| tion, 59th St. and Park Ave., New York City. May 17, 1904 
THoMAS, WILLIAM ARTHUR, Commercial Engineer, Westinghouse Elec- 
tric & Mfg. Co., Pittsburg, Pa. ec. 15, 1905 


Tuomas, W. RANDOLPH, Superintendent, Virgiria Pass. ard Power Co., 
Power House; res., 911 N. 27th St., Richmond, Va. Feb. 24, 1905 


THOMPSON, ALBERT REESE, New York Edison Co., 55 Duane St.; res., 


226 W. 105th St., New York City. Apr. 26, 1907 
Тномрѕом, ALFRED J., Electric Liquid Purifying & Filtering Co., 307 
Frick Bldg., Pittsburg, Pa. Jan. 25, 1896 


THOMPSON, ERMINE JOHN, 3000 Indiana Ave., Chicago, Ill. Jan. 25, 1901 


Тномрѕом, GEoRGE La Rue, Manager Supply Department, General 
Electric Co.; res., Willow Grove Road, Glenside, Pa. Apr. 28, 1905 


Тномрѕом, GEoncE W., Salesman, Westinghouse Electric ard Mfg. Co.; 


res., Hazleton, Pa. July 26, 1907 
THoMPsoN, Guion, Litchfield, Conn. Apr. 27, 1906 
THOMPSON, HARRISON GILMAN, JR., Foreman of Electriciars, Waldo Ave. 

Yard, P. R.R., Jersey City, N. J. Feb. 27, 1903 
THOMPSON, Joun West, Engireering Department, Mexican General 

Electric Co., Mexico City, Mex. Sept. 28, 1898 
THOMPSON, RarPH Fow _er, Electrical Engineer, Ivanhoe Furnace Co., 

Ivanhoe, Va. Apr. 23, 1903 
THOMPSON, SHERMAN SIDNEY, Collins, Mo. June 14, 1905 
THOMPSON, SiLvANus P., Technical College, Finsbury, Leonard St., City 

Road, London, E. C., Eng. Oct. 27, 1897 


THOMPSON, WALTER LEE, Cameron Terrace, Woodside, L. I. 
Mar. 27, 1903 


THoMPsoN, WitBur Hayes, Electrical Engineer, American Tele- 


phone Co., Wheeling, W. Va. Jan. 25, 1907 
THoMsoN, GEo. ANDRos, Special Agent, The Adams-Bagrall Electric 
Co., 136 Liberty St., New York City. Mar. 22, 1901 
THOMSON, ROBERT RICHARDSON, Agent, Gereral Electric Co., 1003 
Maiestic Bldg., Detroit, Mich. Mar. 1, 1907 
Тномѕом, WILLIAM HARGADINE, JR., Assistant to General Marager, St. 
Paul Gas Light Co., St. Paul, Minn. Mar. 1, 1907 


(29) 


ASSOCIATES. 171 


THoMSON, WILLIAM I., Assistant Engineer, Safet КА) Car Heating and Light- 
ing Co., New York City; res., Newark, Mar. 27, 1903 


THORN, Wray Тномрѕом, Draftsman, Division ае, 10th Floor, 


181 La Salle St., Chicago, Ill. Apr. 28, 1905 
THORNTON, GEORGE Crosman, Electrical Engineer, Thornton Co., 2026 
First Ave., Birmingham, Ala. jure 21, 1907 
THORNTON, KENNETH BUCHANAN, Asst. Operating Manager, J. G. White 
; & Co., 43 Exchange Place, New York City. Apr. 26, 1901 
ТНОЕРЕ, УУпллАМ HonsEMAN, Sales Engireer, Natioral Battery Co., 
1606 Broadway, New York City. Sept. 22, 1905 


THROCKMORTON, C. Gross, Jismeralda Hotel, Goldfield, Nev. 
June 21, 7907 


THURBER, Howarp F., General Manager, New York Telephone Co., 18 


Cortlandt St., New York City. Mar. 25, 1896 
THvRsTON, Louis STEWART, General Electric Co., 44 Broad St., New 
York City. Aug. 22, 1902 


THURSTON, RALPH EMERY, Putnam Light & Power Co., Putnam, Conn. 
Feb. 24, 1905 


TiBBALS, EMERSON C., Electrical Engireer, E. C. Tibbals & Co., 1201 


Atlantic Ave., Brooklyn, N. Y. Oct. 27, 1905 
Tipps, Harry ALBERT, Division Superintendent Southern Power Co., 
Great Falls, S. C. Sept. 28, 1906 
Tipp, Geo. N., General Manager, Marion Light and Heating Co., Marion, 
Ind. July 26, 1900 
Тил„кЕкү, PauL ALLEN, Sup rintendent Washington Electrical Plant, 
Washington, М. С. June 19, 1903 


TIMMERMAN, ARTHUR Henry, Supt. Wagrer Electric Mfg. Co., 2017 
Locust St.; ; res., 2633 Park Ave., St. Louis, Mo. Mar. 27, 1903 


TINGLEY, E. M., Westinghouse Elec. & Mfg. Co.; res., 431 Shady Ave., 
Pittsburg, Pa. July 12, 1900 
TINGLEY, JOHN BARNES, Salesman, General Electric Co.; res., 308 Murray 
St., Madison, Wis. June 21, 1907 
TINNEMANN, Отто, Instructor in Electrical Ergireerirg. Polytechnic 
College of Engineering, Oaklard, Cal. May 14, 1906 
TINSLEY, JOHN Francis, Electrical Engineer, American Steel ard Wire 
Co., Worcester, Mass. Feb. 26, 1904 


TISCHNER, CHARLES FREDERICK, JR., Draftsman, Townserd & Decker, 

New York City; res., 397 4th St., Brooklyn, N.Y. May 19, 1903 
TirLow, EDWARD INGRAM, 1432 Geary St., San Francisco, Cal. 

Nov. 24, 1905 

Titus, ete Van Eman, Electric Service Supplies Co., 1020 Filbert St., 

-*hiladelphia Pa. Mar. 25, 1904 

Titus, SAMUEL Howanp, with Nernst Lamp Co., 40 West 34th St., New 

York City; res., 7 Sherman Place, Utica, N. Y. Mar. 24, 1905 

Tosey, Harry WILLARD, Member Engineering Dept., Stanley Elec. Mfg. 


Co.; res., 40 Oxford St., Pittsfield, Mass. Sept. 27, 1901 
TOBEY, JESSE Orion, Superintendent, Northern California Power Co., 
Kennet, Cal. Apr. 22, 1904 
Topp, JAMES, President, Sterling Varnish Co., Pittsburg; res., Sewickley, 
Pa. Jan. 27, 1905 
Topp, Ronznr І, General Marager, Indianapolis Traction & Terminal 
Co., Irdianapolis, Ird. June 15, 1904 
Topp, WiLLIAM NEWMAN, Assistant Electrical Engineer, Portland Co., 39 
Cumberland Ave., Portland, Me. Mar. 1, 1907 
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TOERRING, C. J., C. J. Toerring Co., 21st & Toronto Sts., Philadelphia, Pa. 
Apr. 18, 1894 


Torre, Horace W., General Superinterdent, Mattoon City Railway, 


Mattoon, Ш. Oct. 27, 1905 
TOLMAN, CHARLES Prescott, Chief Engircer, National Lead Co., 100 
Wilham St., New York City. July 28, 1803 
TOLMAN, CLARENCE M,, Electrical Engineer, Bangor Ry. & Electric Co., 
Bangor, Me. Apr. 27, 1898 
TOMLINSON, Harvey Strout, Tester, General Electric Co., Lynn; res., 
Salem, Mass. Apr. 22, 1904 


Tomuinson, L. C., Installer, Automatic Electric Co., Chicago, Ill. 
Mar. 29, 1907 


TONKIN, JUAN, Contracting Engireer, J. G. White & Co., 43 Exchar ge 


Pl.; res., 420 W. 121st St., New York City. Mar. 1, 1907 
ToPPiNG, ALANSON NirLES, Instructor in Electrical Engireering, Purdue 
University, Lafayette, Ind. June 14, 1905 


TORRENCE, WILLIAM WELLINGTON, Testing Department, Gereral Elec- 
tric Co.; res., 114 Victory Ave. , ocherectady, N. Y. Mar. 23, 1906 


TORREY, ÜAREETON ELI, Accountant, Tagona Water ard Light Co., 


Saulte Ste Marie, Ont. Feb. 24, 1905 
Тоовет, MAxIME EUGENE JEAN, Consulting Electrical Engireer, 7 Rue 
Meyerbeer, Paris, France. Jan. 24, 1902 
‘TowER, CHARLES Homer, Instructor, Cornell University; res., 103 
Quarry St., Ithaca, М. Y. Mar. 1, 1907 


Tower, GEORGE A., V. P. Tower-Binford Electric ard Mfg. Co., 7 South 
7th St.; res, 715 E. Main St., Richmond, Va. May 15, 1804 
Tower, WILLIAM ARTHUR, Division Superirtendent, Chesapeake ard 


Potomac Telephone Co., Baltimore, Md. Apr. 28, 1905 
TOWLE, GEORGE CARROLL, General Manager, Peoples Railway Co., Day- 
ton, Ohio. Oct. 28, 1904 


Town, FREDERICK E., Construction Dept., Otis Elevator Co., 17 Battery 
Place; res., 746 St. Nicholas Ave., New York City. May 15, a 
Towne, EpwaARD Barnes, Eastern Manager, Burdett-Rowntree Mfg. С 
17 Battery Place, New York City; res., Orange, N. J. Mar. 27, 1903 
TOWNSEND, ARTHUR, Electrical Engineer, Townserd & Hutt, Milestore 
Sask, Canada. Oct. 27, 1905 


TOWNSEND, Henry C., Attorney and Expert in Electrical Cae 141 
Broadway; гез., '354 W. 128d St., New York City. July 10, 1888 


TozkR, CHARLES ADELBERT, Telluride Power Co., Ames, Colo. 
Apr. 26, 1907 
Tracy, ATLEE HorrMaNw, Electrical Engineer, with George Gibbs, 10 
Bridge St, New York City. Feb. 23, 1906 
Tracy, FreD GLYNDON, Manager, C. G. Tracy & Co., Glyndon, Minn. 
July 19, 1904 
TRAFFORD, BERNARD WALTON, General Manager, Chesapeake ard Poto- 


mac Telephone Co., W ashington, D. C. Mar. 29, 1907 
TRAvERS, HENRY ВЕРА Engineering Apprentice, Westinghouse 
Electric & Mfg. Co., Pittsburg, Pa. Nov. 24, 1905 
TRAWICK, SAMUEL WILKINS, Agent Railway Department, Gereral Elec- 
tric Co., 44 Broad St., New York City. Mar. 1, 1907 


TRAVIS, THURLOW, Electrical Foreman, N. Y. C. & H. R. R.R., Port Morris 
Power House, 142d St. & E. R., New York City. July 26, 1907 


TREADWAY, WILLIAM ANDREW, 2215 La. St., Little Rock, Ark. 
Dec. 19, 1902 
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TREAT, RoBERT BELDEN, Electrical Engineer, Crocker-Wheeler Co., 
Ampere; res., 70 North 5th St., Newark, N. J. Jan. 3, 1902 


TreesBy, W. VINCENT, Electrical Ergireer, Crompton & Co., Ltd., Salis- 
bury House, Lordon Wall, Lordon, E. C., Eng. June 15, 1904 
TRiPIER, HENRI, Technical Engineer of the Societé Francaise d'Incardes- 
cence par le Gaz (Systeme Auer.), Paris, France. Sept. 28, 1898 
Tripp, CHARLES A., Partner, McMeans & Tripp, 607 State Life Bldg., 


Irdianapolis, Ind. Mar. 1, 1907 
Tripp, GEoRGE Mason, Assistant Superintendent, British Columbia Elec- 
tric Railway Co., Victoria, B. C. Dec. 19, 1902 
TRITLE, JOHN FRANKLIN, Tester, General Electric Co.; res., 838 Urion St., 
Schenectady, N. Y. Sept. 28, 1906 


Trout, РнилрР HENRY, JR., Electrical Engireer, Staunton, Va. 
Aug. 17, 1904 


Trow, Harris CusuMaAN, Instructor of E. E., American ScFool of Corre- 
spordence, Armour Institute of Tech., Chicago, Ill. Feb. 26, 1904 


Troy, DaniEL W., Electrical Expert, Stewart & Stewart, 60 Wall St.; 
res., 111 W. 104th St., New York City. Mar. 1, 1907 


TRUESDELL, ARTHUR E., 50 Brenton Terrace, Pittsfield, Mass. 
| Feb. 15, 1899 


TSCHENTSCHER, RuporPH, Electrical Engineer, Illinois Steel Co., South 
Chicago, Ill. Dec. 15, 1905 


Tsu ко CHUZABURO, Power & Mining Engg: General Electric Co.; 
‚ 406 Summit Ave., Schenectady, Apr. 22, 1904 


o Frank STEVENSON, Engineer, Westinghouse Electric & Mfg. 


Co., 605 Trust Bldg., Charlotte, N. C. June 21, 1907 
TuDELA, GABRIEL, 88 Valladolid St., Lima, Peru. Sept. 28, 1906 
Tune, Roscoe I.,Corduit Inspector, Chesapeake & Potomac Telephore 

Co.; res., 921 F St., N. E., Washington, D. C Sept. 28 1906 
TURBAYNE, WILLIAM ARTHUR, Electrical Enoret: Gould Coupler Co., 

Lancaster, N. Y. Feb. 26, 1904 


TURNBULL, FREDERICK CHARLES, North California Power Co., Fern, Cal. 
June 14, 1905 


TURNBULL, ROBERT THORBURN, M. 1. E. E., Turnbull & Jones, Ltd. 


Wellington, N. Z. Jan. 26, 1906 
TuRNER, Harry WINTHROP, Consulting Engineer Oswaldestre House, 
Norfolk St., London, W. C., Eng. Nov. 20, 1903 


TvRNER. Matuias Everett, Electrical Engineer, Clevelard Electric 
Illuminating Co., 711 Cuyahoga Bldg., Cleveland, O. Feb. 27, 1903 


Turpin, МАХІҮ Curry, Superintendent Light, Heat & Power Co., Au- 


burn, N. Y. May 19, 1903 
TuTTLE, ELBERT BannzrT, Electrical Engineer, Central District & Print- 
ing Telegraph Co., Pittsburg, Pa. Sept. 28, 1906 
TurTLE, Horace Burt, Engineering Chemist, 727 Cuyahoga Building, 
Clevelard, O. Sept. 26, 1902 
TwixiNG, WILLIAM Stanton, Chief Engineer, Philadelphia Rapid Transit 
Co.; res., 160 Coulter St., Philadelphia, Pa. Sept. 22, 1905 
TYLER, A VA WARREN, Designing Engineer, United States Gv S Co., 
Oakfield, N. Y. Mar. 29, 1907 
TYLER, Victor Morris, Secretary, The Southern New Englard Telephone 
Co., New Haven, Conn. Apr. 23, 1903 
Онрем, Cart F., Chief Draughtsman, Washington Water Power Co., 
908 Cora Ave., Spokare, Wash. Oct. 27, 1905 
UHL, ALBERT, 1149 Madison Ave., Memphis, Tenn. Apr. 23. 1903 
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UNDERHILL, CHARLES REGINALD, Consulting Electrical Engineer, 55 
Liberty St., New York City. Sept. 25, 1903 
UNDERWOOD, CHARLES W., Manager, Westinghouse E. & M. Co., 780 Elli- 
cott Sq.; res., 43 Norwood Ave., Buffalo, N. Y. Feb. 26, 1904 
UNDERWOOD, Louis Epwarp, Designing Engineer, General Electric Co., 
West Lynn, Mass. Apr. 23, 1903 
Upp, JouN W., Engineer in Charge Draughting Room, General Electric 
Co., res., 27 Werdell Ave., Scherectady, N. Y. Mar. 27, 1903 
UPTEGRAFF, WALTER DENNy, Second Vice-president and Treasurer, 
Nernst Lamp Co., Westinghouse Bldg., Pittsburg, Pa. Dec. 28, 1906 
URBAN, Henry, Engineer, Societe Generale de Chemins de Fer Economi- 
ques, 26 Rue Gachard, Brussels, Belgium. Dec. 28, 1906 
URQUHART, ROBERT FRAZIER, Assistant Installing Engineer, Northern 
California Power Co., Manton, Cal. Mar. 29, 1907 
UsHErR, GEoRcE H., General Superintendent, Postal Telegraph Cable Co., 
Prudential Bldg., Atlanta, Ga. Sept. 28, 1906 
UzzELL, GEORGE WALTER, 1713 No. River Ave., Spokane, Wash. 
. Apr. 26, 1907 
Ули, Lewis HERBERT, Assistant to Electrical Engineer, D. L. and W. 
Railway Co.; res., 1628 Vine St., Scranton, Pa. Apr. 27, 1906 


Ули, THEO. N., 26 Cortlandt St., New York City. Apr. 15, 1884 
VAIL, WiLLIAM H., Erecting Engineer, United Railways and Electric Co., 
of Baltimore; res., Ruxton, Baltimore, Md. Feb. 24, 1905 


VAILL, CHARLES PARTRIDGE, Assistant Superintendent, Electrical Cable 
Works, American Steel and Wire Co., Worcester, Mass. Apr. 27, 1906 


VALENTINE, FREDERICK PALMER, Engineer of Traffic, N. E. Telephone 


and Telegraph Co., 101 Milk St., Boston, Mass. Apr. 26, 1907 
VALENTINE, WALTER Scott, Asst. Engr., Westinghouse, Church, Kerr & 
Co., 8 Bridge St., New York City. Jan. 23, 1903 


VALLADARES, ANTENOR, Electrical Engineer, Lima, Peru. Apr. 27, 1906 
VANATTA, FRANK TuLLerR, Chief Electrician, North Shore R.R. Co.. 
Sausalito; res., 24 De Long Ave., San Francisco, Cal. June 14, 1905 

Van Arta, Roy Epwin, Kansas City Southern Ry., Kansas City, Mo. 
Dec. 15, 1905 
Van Buren, Gurpon C.. Supt. of Power, Hudson River Telephone Co.; 


res., 76 Clinton Ave., Albany, N. Y. Oct. 25, 1892 
VANCE, CLAUDE Epwarpb, Assistant Engineer, British Electric Traction 
Co., Ltd., Norfolk St., London, W. C., England. Mar. 29, 1907 
Vance, J. H., Mecharical Engireer, В. F. Goodrich Co.; res., 402 Crosby 
St., Akron, Ohio. Mar. 27, 1903 
Van CLEEF, ELLIcorT Eanr, Assistant to Supt. of Construction, Western 
Electric Co., 463 West St., New York City. Mar. 27, 1903 
VAN Corr, Ілхсоім, Purchasing Agent, Brooklyn Heights R.R. Co., 85 
Clinton St., Brooklyn, М. Y. july 19, 1904 


Van DriNsE, ANTON Fay, 454 N. Marengo Ave., Pasadena, Cal. 
| Мау 15, 1905 
VANDERBILT, LEROY BROWNLEE, Assistant, Electrical Department, В. & 
О. R.R., Baltimore, Md. Sept. 28, 1906 
Van Dyck, WitrLiaM Van BERGEN, Electrical Engineer, W. R. Grace & 
Co., Valparaiso, Chili, S. A. Nov. 22, 1901 
Van ETTEN, HERBERT BRIANT, Assistant Engireer, New York Telephore 
Co., 15 Dey St., New York City. Apr. 22, 1904 
Van GELDER, Howarp Mason, Electrical Engineer, Westinghouse, 
Church, Kerr & Co., 10 Bridge St., New York City. Apr. 28, 1905 
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VANKIRK, EpwaAnD Power, Electrical Engineer, Elizabeth, Pa. 
jan. 3, 1902 


Van Ness, LEonarp G., 22 North 2d St., Memphis, Tenn. Jan. 29, 1904 
VAN NORDEN, RUDOLPH WARNER, Consulting Engineer, 912 Mutual Sav- 


ings Bank Building, San Francisco, Cal. Feb. 27, 1903 

Van Riper, УУ/пллАМ R., Foreman of Substation, N. Y. C. & H.R.R.R., 
198th Street and Webster Ave., Bronx, N. Y. June 21, 1907 

Van бгүск, C. H., Salesman, General Electric Co., 44 Broad St.; res., 
80 Washington Square, E., New York City. Mar. 27, 1903 

VAN SLYKE, FREDERICK EDGAR, Engineer, Jeffrey Mfg. Co., Columbus, O. 
Jan. 29, 1904 

VAN VALKENBURG, Asa T., Erecting Engineer, Westinghouse Machine Co.» 
171 La Salle St., Chicago, Ш. Dec. 28, 1906 

VAN VALKENBURG, HERMON LEACH, Chief Engineer, Walker Electric Co., 
Noble & 23d Sts., Philadelphia, Pa. May 15, 1905 

VAN VLEET, Roy MITCHELL, Manager, Cutler-Hammer Mfg. Co., 1232 
Monadnock Bldg., Chicago, Ill. ar. 22, 1901 


VAN WAGENEN, EDWARD, Assistant Electrical Engineer, Gould Storage 
Battery Co., 341 Fifth Ave., New York City. Sept. 28, 1906 


Van Wart, ТнеоровЕ, J. W. Foreman Electrical Department, Reid 


Newfoundland Co., St. Johns, N. F. Mar. 23, 1906 
VAN WEELDEN, HAROLD C., Sales Department, General Electric Co., 44 
: Broad St., New York City. Mar. 29, 1907 


Van Wyck, James R., Draftsman, F. S. Pearson, 25 Broad St., New 
York City; res., 45 Pulaski St., Brooklyn, N. Y. Nov. 24, 1905 


Van Wyck, PuiLiP V. R., JR., Empire е City 8 Subway Co., 426 W. 58th St., 
New York City; res. т Plainfield Apr. 21, 1891 


VARNEY, FRANK H., Electrician, San a Gas and Electric Co., 2912 
Mission St., San Francisco, Cal. July 20, 1900 


VARNEY, THEODORE [Local Secretary], Elec. Engineer, Westinghouse Elec- 
tric & Mfg. Co.; res., 5719 Howe St., Pittsburg, Pa. Apr. 28, 1905 


VARNEY, У/пллАМ WesLey, Mechanical Engineer, 1209 Calvert Bldg.; 
res., 710 N. Carey St., Baltimore, Md. Nov. 21, 1894 


Vassar, HERVEY SACKETT, Draughtsman, ene Department, 
Р. S. C. of М. J.; 207 Market St., Newark, Mar. 23, 1906 


VAUGHAN, JOHN FAIRCHILD, Engineer, Stone & Webster Engineering 


Corporation, 147 State St., Boston, Mass. Feb. 27, 1903 
VAUGHAN, RICHARD, Engineer, Seattle Electric Co., 907 First Ave., 
Seattle, Wash. May 15, 1905 
VAWTER, CHARLES Erastus, JR., Professor of Physics, Virginia Polytech- 
nic Institute, Blacksburg, Va. jure 21, 1907 
VELARDE, MANUEL Canros, Villata 62a, Lima, Peru. Nov. 24, 1905 
VENABLE, WM. Mayo, General Manager, Sanitary Engineering Co., 237 
Broadway, New York City. Nov. 30, 1897 
VER PLANCK, WILLIAM EVERETT, Assistant PREIDECT, General Electric 
Co., Lynn, Mass. July 19, 1904 
VESER, Lucius OrTo, West Penn. Railway Co., Connellsville, Pa. 
Dec. 19, 1902 
VIALL, BENJAMIN Tuomas, Construction Engineer, 719 N. Soto St., 
Los Angeles, Cal. July 28, 1903 
VICKERS, FREDERICK ELwoop, Expert, General Electric Co., Union Trust 
Building, San Francisco, Cal. Apr. 22, 1904 


VIEHE, А) S., Electrical Engineer, Federal Construction Co., Rockingham, 
oe May 15, 1900 
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ViNAL, ALBERT CARLETON, American Telegraph and к Co., 15 
Dey St., New York City. *eb. 26, 1904 


VINCENT, HaRorp BLANCHARD, Chief Operator, Niagara, Lockport ard 


Ontario Power Co., Lockport, N. Y. jan. 27, 1905 
VINCENT, JAY CARTER, Ergineerirg Staff, Twin City Rapid Transit Co.; 
res., 1313 6th St., S. E., Minneapolis, Minn. Oct. 27, 1905 
VINCENT, WILLIAM GERMAIN, JR., Draftsman, Ocean Store Railway Co., 
54 Eleventh St., San Francisco, Cal. Dec. 15, 1905 
VINTEN, ERNEST STILES, Foreman Knob Dept., Sargent Co.; res., 89 
Pearl St., New Haven, Conn. Apr. 27, 1898 
VISSCHER, OSWALD WILLIAM, Engireerirg Salesman, Western Electric 
Co., llth ard York Sts., Philadelphia, Pa. Mar. 1, 1907 
Voit, Dr. Евхѕт., Professor of Electricity, Technical University, Schwan- 
thalerstrasse, Munchen, Germany. Mar. 21, 1894 
Уогк, }о$ЕРН A., JR., Treasurer and Superintendent, Reed & Volk Elec- 
trical Co., So. Norwalk, Conn. Sept. 28, 1906 
Vom Baur, Canr Hans, Electrical Engineer, 152 Pleasant St., Arlington, 
Mass. Sept. 26, 1902 
Von AMMON, SIEGFRIED, Consulting Engineer, Br. W. E. & M. Co.. 
Ltd., Bowden near Manchester, Eng. Apr. 23, 1903 


VON DANNENBERG, CaRL Отто, Electrician in charge, Dept. of Con- 
struction, Pensacola Navy Yaid, Warrington, Fla. Dec. 28, 1906 


VON Lenoczky, PauL, Assistant Electrical Engineer, Allegkeny Cour tv 


Light Co., Pittsburg, Pa. Mar. l, 1907 
VON ZWEIGBERGK, THORSTEN, Electrical Engineer, Dick, Kerr ard Co., 
Ltd., Preston, Eng. Aug. 17, 1904 


VREELAND, FREDERICK K., 80th St. ard East Erd Ave., New York City. 
Oct. 26, 1598 
WADDELL, CHARLES Epwarp, Electrician in charge Electrical Dept.. 
Biltmore Estate, Biltmore, №. С. Apr. 25, 1902 
WAGGAMAN, Henry ELLi1orT, 1321 F St., N. W., Washington, D. С. 
Jan. 27, 1905 
WAGONER, Puitip Dakin, Commercial Department, Gereral Electric 


Co., Schenectady, N. Y. Feb. 28, 1902 
WAGNER, JEAN Ковект, Foreman Meter Department, New York Edison 
Co.; res., 238 E. 124th St., New York City. Mar. 1, 1907 
WAGNER, WALTER CaALviN, Instructor ard Studert, University of Wash- 
ington; res., 6000 Corliss Ave., Seattle, Wash. Dec. 28, 1906 
Waitt, ARTHUR MANNING, Consulting Engireer, Room 916, 320 Fifth 
Ave., New York City. June 19, 1903 
WAKEMAN, JAMES MEANLEY, Manager, Electrical World and Engineer. 
239 W. 39th St., New York City. Feb. 27, 1903 
WALBORN, Ira Guy, Utah Independent Telephone Co., Salt Lake Citv. 
Utah. Nov. 25, 1904 
WALBRAN, CHRISTOPHER JAMES, JR.. Manager, 252 Equitable Building 
Denver, Col. Nov. 24, 1905 
WALDRON, Louis D., Salesman, Allis-Chalmers Co., 222 Ellicott Square, 
Buffalo, М.Ү. June 1, 1907 
Warpo, EDWARD HARDENBERGH, Assistant Professor of Electrical Engi- 
neering, University of Illinois, Urbana, Ill. Jan. 25, 1907 
WALES, SAMUEL SIGOURNEY, Electrical Engineer, Homestead Steel Wks., 
Munhall, Pa. July 19, 1904 
WALKEM, GEORGE ALEXANDER, Electrical ard Mechanical Engireer. 
Vancouver, В. С. Nov. 23, 1900 


(27) 


ASSOCIATES. 177 


WALKER, Ewart BucHAN, Storage Battery Engireer, Caradian General 
Electric Co., Ltd., 14 King St., E., Toronto, Ont. Jan. 29, 1904 


WALKER, FERNANDO Murray, Manager, К. E. Briggs & Co., Mexico City, 
Mex. Sept. 28, 1906 


WALKER, FREDERICK WILEY, Vice-President ard Chief Ergireer, Com- 
stock-Haigh-Walker Co., Port Washington, Wis. Nov. 24, 1905 


WALKER, Mikes, Electrical Ergireer, Tre British Westingt ouse Electric 
ard Mfg. Co., Ltd., Marckester, Erg. Sept. 27, 1901 
WALKER, WILLIAM J., Electrician, Navy Yard; res., 290 Clirton Ave., 
Brooklyn, N. Y | Apr. 28, 1905 
Watt, BENJAMIN, Metropolitan Engireerirg Co., 124 W. 42d St., New 
York City; res., 477 Bergen St., Brooklyn, N. Y. Sept. 28, 1906 
WaLL, WiLLIAM Guy, Chief Engineer, Natioral Motor ard Vehicle Co., 


Irdianapolis, Ird. june 21, 1907 
WALLACE, CHas. F., Engireer, Stone & Webster Engineering Corporation, 
84 State St., Boston; res., Wellesley Hills, Mass. Nov. 18, 1896 


WaLLACE, Ernest LeRoy, Instructor Electrical Ergireering, Amer. 
School of Correspor dence, 3209 State St., Chicago, Ill. Oct. 26, 1906 


WaLLACE, J. EUGENE, Electrical Engireer, 1 Nassau St., New York City. 
May 17, 1904 


Wallace, Jonn FINDLeEy, Chairman, Board of Directors, Westinghouse, 
Church, Kerr & Co., 111 Broadway, New York City. Jan. 25, 1907 


WaLLacE, Ross SrRAWN, Supt. Peoria Gas ard Elec. Co., 125 N. Jeffer- 
son Ave., Peoria, Ill. Jan. 23, 1903 


WaLLACE, WiLLIAM Murray, Electrical Draftsman, Westinghouse, 
Church, Kerr & Co., 10 Bridge St., New York City. Jan. 25, 1907 
WaLLAU, HERMAN L., Assistant Electrician, Clevelard Elec. Ill. Co., 711 
Tke Cuyahoga, Cleveland, Ohio. May 15, 1900 
WaLLER, CHas. Waite, California Electric Corporation, Shreve Bldg., 
San Frarcisco, Cal. Aug. 23, 1899 


WatLer, EpMuND Purtze1, Electrical Engineer, Gereral Electric Co., 
res, 14 Union St., Sckerectady, N. Y. Mar. 27, 1903 


Watts, JOHN ABBET, Assistant Ergireer, Shawinigan Water and Power 
Co., 85 Bank of Ottawa Bldg., Montreal, P. Q. May 19, 1903 


WaLMSLEY, WALTER NEWBOLD, Sao Paulo Tramway Light & Power 


Co., Ltd., Sao Paulo, Brazil. Oct. 24, 1900 
WarsH, JAMES, Assistant Foreman, Meter Department, Gereral Electric 
Co.,; res., 624 Western, Lynn, Mass. May 19, 1903 
WaLTER, Harry Casper, Admiristrator of J. Walter, Jr., ard Catherire 
B. Schafer, 1127 13th St., N. W., Washington, D. C. Nov. 28, 1903 
WALTER, JoHN CHARLES, Ford, Bacon & Davis, Memphis, Tenn. 
Nov. 24, 1905 
Watton, Percy JAMES, Switchboard Inspector, Gereral Electric Co., 
Philadelphia, Pa. Apr. 26, 1907 
Warp, CHARLES ARCHIBALD, 172 Lexington Ave., Pittsburg, Pa. 
Apr. 23, 1903 
Warver, Јонм Haines, Secretary, Western Society of Engineers, 1737 
Moradrock Building, Chicago, Ill. Jure 21, 1907 
WARDER, WALTER JAMES, JR., Desigrirg Electric Engineer, Roth Bros. 
& Co., 27 S. Clirton St., Chicago, Ш. Apr. 23, 1903 
Warine, J. M. S., Engireer, Electric Storage Battery Co., 1425 Marquette 
Bldg., Chicago, Ill. Sept. 28, 1906 


Warixc, Tracy Dickey, еше Standard Underground Cable 
Co., Perth Amboy, J. Nov. 23, 1906 
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WARMAN, FREDERICK CONOVER, U. S. Engireer, 1000 22d St., М. W., 


Washington, D. C. Apr. 28, 1905 
WARNER, ARTHUR P., Northern Electric Mfg. Co.; res., 4339 Berkeley 
Ave., Chicago, Ill. Sept. 25, 1903 
WARNER, CHARLES Emory, Rossiter, McGovern & Co., 84 State St., 
Boston, Mass. Aug. 17, 1904 


WARNER, CHARLES H., Electrical Engireer, Fall River, Mass. 
Dec. 20, 1893 
WARNER, CHAUNCEY Dixon, Electrical Engireer, Moore Electrical Co., 


52 Lawrence St., Newark. Jure 14, 1905 
WARNER, RICHARD FRANCHOT, Electrical Engineer, Schenectady Illum- 
inating Co.; Schenectady, N. Y. Jan. 23, 1903 


WARREN, ALDRED KENNEDY, Chief Engineer, American Automatic 

Signal Co., 65 N. J. Railroad Ave., Newark, N. J. Nov. 20, 1895 

WARREN, Epwarp GEorGE, Managing Director, Greenwood Electric Co., 
С 


Ltd., Greenwood, B. C. Jan. 26, 1906 
WARREN, FREDERIC AusTIN, Gereral Electrician, Fuel Department. 
Colorado Fuel ard Iron Co., Caron City, Colo. Jure 19, 1903 
WARREN, HaLBEnT B., Chief Engireer, Warren Electric Mfg. Co., San- 
dusky, Ohio. july 19, 1904 
WARREN, Harry Munson, Electrical Engineer, The Coal Mining Dept.. 
D. L. & W. Railway Co., Scranton, Pa. Mar. 27, 1903 
WARREN, HENRY EL tis, Assistant Engineer, The Lombard-Governor Co., 
Ashland; res., Newton Centre, Mass. Jan. 24, 1902 


WARREN, HowarD SAUNDERS, Electrical Engineer, American TclepEore 

and Telegraph Co., 15 Dey St., New York City. Mar. 27, 1903 
WARREN, JOHN Francis, Electrician, Noyes Bros, Dunedin, N. Z. 

Apr. 27, 1906 

WARREN, WILLIAM APPLETON, President and General Manager, Simplex 


Co., Newark, N. J. Sept. 28, 1906 
WARREN, WILLIAM Henry, Electrical Engireer, Sprague Electric Co., 
527 W. 34th St., New York City. Feb. 27, 1903 


Wason, Cuas. W., President and Manager, Cleveland, Painesville and 
Eastern R.R., 616 Garfield Bldg., Cleveland, Ohio. May 19, 1891 
WATANABE, Kocono, Electrical Engineer, Mitsui & Co., Tokyo, Japan. 
Aug. 25, 1905 
WATANABE, NoBLE, Ergireering Apprentice, Westinghouse Electric ar. d 
Mfg. Co., Pittsburg, Pa. Mar. 29, 1907 
WATERMAN, Marcus B,. Assistant Electrician, United Telpherage Co., 
Westfield, N. J. Feb. 15, 1896 
WATERS, EDWARD G., General Electric Co.; res., 910 Union St., Schenec- 
tady, N. Y. Mar. 18, 1890 
Waters, HENRY LaANGWORTHY, Assistant Electrical Engineer, Central 
District and Printing Telegraph Co., Pittsburg, Pa. Mar. 1, 1907 
WaTERS, HERMAN Bierce, Instructor, California Polytechnic School, 


San Luis Obispo, Cal. Oct. 28, 1904 
WATERSON, KARL WILLIAM, Engineering Department, American Tel. ard 
Tel. Co., 15 Dey St., New York City. Apr. 28, 1905 
WaTJEN, HERMAN Отто, Assistant Ergineer, Stanley G. I. Mfg. Co.; 
res., 33 Henry Ave., Pitisfield, Mass. Nov. 24, 1905 
WATKINS, FREDERICK ARTHUR, Western Electric Co., 463 West St.; res., 
31 West S2d St., New York City. Mar. 23, 1906 


WatTMOUGH, PENDLETON G., JR., Electrical Engineer, 1 Broadway, New 
York City; res., 32 Stuyvesant Pl, S. 1, N. Y. Dec. 18, 1903 


(27) 


ASSOCIATES. 179 


Watrous, CLEVELAND ELMER, Manager, Cutler Hammer Mfg. Co., 136 


Liberty St., New York City. jure 21, 1907 
Watson, ARTHUR EUGENE, Assistant Professor of Physics, Brown Uni- 
versity, Providence, R. I. July 28, 1903 
WarsoN, DANIEL BREWSTER, Draughtsman, Emerson Electric Mfg. Co.; 
res, 2307 Locust St., St. Louis, Mo. Jan. 26. 1906 
Watson, GEoRGE Gaytorp, Electrical Engireer, Westinghouse Elec. 
& Mfg. Co., Pittsburg, Pa. Sept. 28, 1906 


Watson, Georce Нлтном, Watson Flagg & Co., 27 Thames St., New 
York City; res., 184 Carroll St., Paterson, N. J. Feb. 27, 1903 


Watson, KENNETH, Electrical Engireer, 9a Hankow, Skangai, China. 
May 19, 1903 


Watson, RicHARD Carr, Assistant Regulator, New York Edison Co.; 
New York City. June 15, 1904 


Watt, GEorGE Young, Student, Brooklyn Polytechnic Institute; res., 
22 Stuyvesant Ave., Brooklyn, N. Y. Jan. 25, 1907 


Watts, FRANK WILMER, Salesman, Westirgkouse Electric & Mfg. Co., 
Hazleton, Pa. | Jan. 27, 1905 


Watts, GEorGE W., Assistant to Gereral Marager, Canadian General 
Electric Co., Ltd., 16 E. King St., Toronto, Ont. Feb. 26, 1904 


Wattson, ALONZO SABINE, Electrical Engineer, Rio de Jareiro Tramway 


Light & Power Co., Rio Janeiro, Brazil. Dec. 19, 1902 
WaucH, Joun Hanorp, Ft. Pitt Electric Supply Co., 341 Second Ave. 
Pittsburg, Pa. Jan. 26, 1906 
WaxBoM, CARL JOHAN Evarp, Electrical Engineer, Jeffrey Mfg. Co., 
Columbus; res., Westerville, О. Feb. 26, 1904 


Way, SYLVESTER BEDELL, Superintendent Union Electric Light and 
Power Co., 4864 Fountain Ave., St. Louis, Mo. Sept. 25, 1903 


Wayne, ]АСОВ Lioyp, За, Division Equipment Foreman, Central Union 
Telephone Co., 35 W. Ohio St., Indianapolis, Ind. Jan. 23, 1903 


WEAVER, Амоѕ SHELDON, Student, General Electric Co., 44 Broad St.; 


New York City. june 15, 1904 
WEAVER, MAURICE EDGAR, Student, Massachusetts Institute of Tech- 
nology, Boston, Mass. June 14, 1905 
Wess, Henry Storrs, International Correspondence Schools; res., 1416 
[Life Member] Monsey Ave., Scranton, Pa. Nov. 20, 1895 
WEBER, FREDERICK CARL, Engireering Dept., Chicago, Telephone Co., 
Chicago, Ill. May 17, 1904 
WEBER, WiLLIAM F., Electrical Operator, Interborough Rapid Transit 
Co., 173 Spring St., New York City. Feb. 23, 1906 
WEBSTER, CHARLES CARLTON, Chief Engineer Pumping Station, Depart- 
ment of Public Works, Scherectadv, N. Y. Jan. 25, 1907 
WEBSTER, Dwicur Epwarop, Engineer, Westinghouse E. & M. Co., 1420 
New York Life Bldg., Chicago, III. Apr. 23, 1903 
WEBSTER, Јонм Enocu, General Engineer, Westinghouse Electric & Mfg. 
Co.; res., 7927 Tacoma St., Pittsburg, Pa. Jure 21, 1907 


WEBSTER, WALTER Coates, Asst. to 2d Vice-president, Westinghouse 
Electric and Mfg. Co., 11 Pine St., New York City. Jan. 3, 1902 
WEED, James Murray, Engineer, Westinghouse Electric & Mfg. Co., 
Pittsburg, Pa. June 21, 1907 
WEHRLEY, Epwarp Justus, Special Agent, American Tel. and Tel. Co., 
15 Dey St., New York City; res., East Orange, N. J. fune 15, 1904 


WEICHSEL, Hans, Draftsman, Electrical Engineer, Wagner Electric Co., 
St. Louis, Mo. Dec. 15, 1905 
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WEIDMAN, Victor NUGENT, Switchboard Draughtsman, Westinghouse 


E. & M. Co., Pittsburg, Pa. Jure 15, 1904 
WELCKE, CELESTIN JOHN, Oreratirg Department, Electric Storage Bat- 
tery Co., 100 Broadway, New York City. Aug. 22, 1902 


WELLES, Francis R., Manufacturer, 46 Avenue de Breteuil, Paris, Frar се. 
Sept. 6, 1887 

WELLMAN, Hartan РАСЕ, Superinterdent Motive Fower, Camden Irter- 
state Railway Co., Ashland, Ky. Mar. 25, 1904 
WELLMAN, SAMUEL THoMas, President, Tke Wellman-Secaver-Morgan 
Engineering Co., New Ег ага Bldg., Clevelard, O. Jan. 23, 1803 
WELLs, ArTHUR Еріх, Consulting Ergireer, 32 Liberty St.; res., 718 


St. Nicholas Ave., New York City. May 19, 1903 
WELLS, GEorGE EvGENE, Consulting Electrical Ergireer, Ruebel & Wells. 
303 Chemical Building, St. Louis, Mo. Sept. 27, 1901 
WELLS, JoHN ALLEN, Chief Engineer, Augusta-Aiken Railway & Elec- 
tric Co., Augusta, Ga. Apr. 23, 1903 
WELLS, WALTER FARRINGTON, Edison Electric Illumiratirg Co., 360 
Pearl St., Brooklyn, N. Y. Apr. 26, 1809 


WeELsH, JaMEs WINFIELD, Assistart Electrician, Pittsburg Railways Co.; 
res., 120 Oakview Ave., Edgewood Park, Pa. Mar. 1, 1907 
WErLZ, Frank, Electrical Engireer, Guadalajara, Mex. Jan. 23, 1903 
WENDT, SAMUEL J., Draughtsman, North Shore Electric Co., Highlard 
Park, Ill. Sept. 28, 1906 
WENGER, EpcAR l., University of Illinois, Urbana, Ill. May 21, 1901 
WENNER, Frank, Bureau of Stardards, Washington, D. С. 
Apr. 28, 1905 
Wentz, КовкЕкт FILMORE, Mechanical Designirg ard Corstruction 
Engireer, 508 Hammord Bldg., Detroit, Mich. Apr. 23, 1903 
WERNER, GERARD BERNARD, Railway Electric Power Co., 114 Liberty 
St., New York City. Apr. 28, 1905 
WERTH, MarrHEW FouTAINE Maury, Superinterdent of Construction, 
Witherbee Igniter Co., 541 W. 43d St., New York City. Aug. 17, 1904 
WESSELHOEFT, CHARLES DIETRICH, Electrical Engireer, Kohler Brothers; 


res., 749 So. Sawver Ave., Chicago, Il. Sept. 25, 1903 
WessLinc, ALBERT Gustave, Asst. Ergireer, Bullock Electric Mfg. Co.; 
res., 549 Milton St., Cineinnati, Ohio. Feb. 27, 1903 
West, Erastus LovETTE, Asst. to Electrical Engineer, J. G. White & Co., 
43 Exchange Pl, New York City. Apr. 25, 1902 
West, Jutius Henrik, Consulting Engineer, 21 Am Karlsbad, Berlin, 
V. 35, Germany. Sept. 20, 1893 
WESTBROOKE, Francis ABEKEN, Electrician, New York ard New 
Jersey Telephone Co., Brooklyn, N. Y. Mar. 1, 1907 


WesTBURG, PAUL AucvusrTvs, Secretary ard Electrical Ergircer, F. B. 
Badt and Co., 1504 Monadnock Block, Chicago, Hl. — June 21, 1907 


WESTERVELT, ANDREW, Superirterdent Electrical Departmert, Howard 
E. Crook & Co., 301 N. Howard St., Baltimore, Md. Feb. 23, 1906 


WESTINGHOUSE, GEORGE, President, Westirglouse Electric ard Mfg. 


Co., Pittsburg, Pa. May 20, 1902 
Weston, бүрхкү F., Phoenix Fire Extinguisher Co., 44 E. 23d St., New 
York City. July 12, 1900 
WETZLER, JEFFERSON, Secretary ard Treasurer, Electrical Ergireer 
Institute, 210 West 23d St., New York City. July 25, 1602 
WrvMovrH, THomas Rore, Engireer, National Transit Co., 206 Sereca 
St., Oil City; res., Lock Haven, Pa. Nov. 22, 1901 
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WuarFF, EDWARD MANSFIELD, Apprentice, Rochester, Syracuse and East- 


ern R.R.; res., 15 High St., Newark, N. Y. Dec. 28, 1906 
WHEELER, ARTHUR SOMES, Washington Insurance Association, Tolman 
Bldg., Seattle, Wash. Apr. 28, 1905 
WHEELER, BURR, Cos Cob, Conn. Apr. 22, 1904 
WHEELER, Ear, Instructor in Electrical Engineering, Engireerirg 
School, Washirgton Barracks, D. C. Feb. 23, 1906 
WHEELER, LEONARD ELLWoop, Superirterdent of Meter Department, 
Marylard Electric Co., Baltimore, Md. Apr. 28, 1905 
WHEELER, WALTER Scott [Local Secretary], 3120 East Union St., Seattle, 
Wash. Sept. 25, 1903 
WHIPPLE, CYRUS AVERY, Bremerton, Wash. Jure 19, 1903 
WHISLER, BENJAMIN ARTHUR, Electrician, Hudson River Electric Power 
Co.; res., 20 Linwood Place, Utica, N. Y. cept. 28, 1906 
WHITAKER, JOHN SANBORN, Superirterdent, Rockirgham County Light 
ard Power Co., Portsmouth, N. H. ~ Apr. 23, 1903 
WHITAKER, S. ЕрсАв, Office Manager, American Society of Mechanical 
Ergireers, 29 W. 39th St., New York City. Aug. 5, 1896 


WHITAKER, WILLIAM Gorpon Howanp, Jr. N. Y. ARENE Co., 15 

Dey St., New York City. May 15, 1905 

ҮҮніте, Epwarp P., Superintendent, Asheville Electric Co., 99 Woodfin 

St., Asleville, N. C. July 28, 1905 
WHITE, ERNEST CANTELO, Illuminating Engireer, Winnipeg, Can. 

Oct. 26, 1906 

Waite, Francis }о$ЕРН, Ergireer, Electrical Department., N. Y. С. & 


H. R. R.R. Co., New York City, Apr. 25, 1902 
Wuite, Нлвогр E., Desigring Engireer, Gereral Electric Co., res.; 27 
Parkwood Boulevard, Scherectady, N. Y. Apr. 23, 1903 
Waite, HENRY STEVENS, Assistart Superintendent, Greenville Carolina 
Power Co., Greenville, S. C. Apr. 26, 1907 
Waite, J. WILLIAM, Superinterdenrt, Nevada-California Power Co., Gold- 
feld, Nev. Aug. 17, 1904 
WuHiTE, Linpen G., Superinterdert Electrical Department, Columbus 
Railway and Light Co., Columbus, Ohio. Mar. 28, 1902 
Wuite, PauL Hrs, Sec’y ard Treasurer, Arimas Power ard Water Co., 
Newton-Clavpool Buildirg, Irdiarapolis, Ird. Jan. 26, 1906 
Wuirzg, RICHARD ALBERT, Assistant Engineer, Ford, Bacon & Davis, 
115 Broadway, New York City. Jure 19, 1903 
Waite, WiLLIAM DEXTER, Water Wheel Governor Department, Holyoke 
Machine Co., Worcester, Mass. Apr. 27, 1906 
WHITE, WILLIAM WESLEY, Assistant Mechanical Engireer, Crown Cork 
& Seal Co., Baltimore, M. D. Apr. 23, 1908 
WHITEHEAD, JOHN B, JR, Associate in Applied Electricity, Johrs 
Hopkins University, Baltimore, Md. Oct. 24, 1900 
WHITEHEAD, JOHN Roy, Assistant Electrical Engircer, U.S. Signal Corps, 
Washington, D. C. May 15, 1905 
WHITELEY, RAYMOND, 26 Garden St., Todmorden, York, Eng. 
Oct. 28, 1904 
WnurrEsIDE, Appison Haces, District Manager, Allis-Chalmers Co., Lard 
Title Bldg., Philadelphia, Pa. May 15, 1905 
WHITESIDE, WALTER HUNTER, President Allis-Chalmers Co., Milwaukee, 
Wis. Jan. 24, 1902 
Wuitinc, ALLEN H., Automobile Engircer, 1776 Broadway, New York 
City. Nov. 18, 1896 
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Wuitinc, Max ALBERT, Power and Mining Department, General Electric 


Co.; res., 4 Eagle St., Sckerectady, N. Y. Apr. 26, 1907 
WniriNG, S. E., Instructor in Electrical Ergircerirg, Harvard University: 
res., 11 Ware St., Cambridge, Mass. May 16, 1899 
WnuirMonE, W. G., Electrical Ergireer, General Electric Co., Edison 
Building, New York City. Mar. 18, 1890 
WHITNEY, Еррү RvssEL, Engircer, Commercial Truck Co., Philadelphia. 
Pa. May 19, 1903 
WHITNEY, FRANK E., Assistant General Manager, Auto Transit Co., Arcade 
Building, Philadelphia, Pa. Oct. 27, 1905 
WHITNEY, GILBERT C., Signal Draftsman, General Railway Signal Co., 
Rochester, N. Y. Sept. 28, 1906 
WHITNEY, Henry M., Irdia Wharf, Boston, Mass. July 12, 1887 


Life Member] 

WuirNEY, WALTER D., Electrical Engineer, Twin City Rapid Transit 
Co., 342] Irving Ave., So. Minreapolis, Minn. Sept. 28, 1906 

WHITNEY, WirLis R., Director Research Laboratory, General Electric Co., 


Scherectady, N. Y. May 21, 1901 
WuirToN, CHARLES EDWARD, Assistant Electrical Engineer, Signal Corps, 
U. 5. Army, Washington, D. C. May 15, 1905 
WHITTEMORE, GEORGE W., Engineer, Bell Telephone Co., 24 W. Seneca 
St., Buffalo, N. Y. Jan. 3, 1902 
WHITTLESEY, JAMES Tuomas, Chief Engineer, Elec. Dept., Public Service 
Corporation, Newark, N. J. Nov. 20, 1903 


WHITTLESEY, WILLIAM AuGustus, Pittsfield Electric Co., Pittsfield, Mass. 
Apr. 28, 1905 


Wiarp, Jonn BULKLEY, T Engineer, General Electric Co.; res., 


15 Lakeview Ave., Lynn, Mass. Apr. 23, 1903 
WICKERSHAM, EDWARD JAMES, Assistant to Chief. Electrician. Chicago, 
Rock Island & Pacitie Ry. Co., Chicago, Ill. Nov. 24, 1905 
Wicks, ERNEsT BULMER PRIESTLEY, With A. ard T. Burt, Dunedin, 
М. 2. ^. Oct. 26, 1906 
Wicks, НАко› Bur MER PRIESTLEY, Scotia, N. Y. Oct. 26, 1906 
Wicks, JOHN, Superintendent of Maintenance, Home Telephone and Tele- 
graph Co., San Diego, Cal. Sept. 28, 1906 
WIEGAND, HENRY J., Superintendent, Cutler Hammer Mfg. Co.; res., 660 
17th St., Milwaukee, Wis. June 21, 1907 
WipbpicoMBrF,RoBERT A., Engineer and Superinterdent, Kroeschell Bros., 
Co., 55 Erie St., Chicago, HI. Apr. 26, 1899 
WIDEGREN, EMIL HENRIK, Testing Department, General Electric Co., 
Schenectady, N. Y. Nov. 24, 1905 
WibsTROM, AXEL., Electrical Engineer, Stockholm Electric Works, Tute- 
gatan 13, Stockholm, Sweden. Mar. 24, 1905 
WIECHMANN, FERDINAND G., Consulting Chemist, American Sugar Refin- 
ing Co., 117 Wall St., New York City. Sept. 25, 1903 
WIEDERHOLD, Oscar, Wiederhold Light Co., 131 Winfield Ave., Jersev 
City, N. J. Aug. 15. 1807 
, а Е м D a ` 

WIEMER, Orro, Engineer, Wagner Electric Mfg. Co., St. Louis, Mo.; res., 
814 Albv St., Alton, lll. Mar. 29, 1907 
WIKANDER, RaGnar, Allmanna Svenska Elektriska A. B.. Westeras. 
Sweden. Jan. 29, 1904 


WILDER, CLIFTON WHITE, Assistant Engineer of Construction, N. Y. C. In- 
terborough Ry. Co., Park Row Bldg., New YorkCity. Маг. 23, 1906 
WILDER, GEORGE WALKER, Telephone Engineer, 1761 Monadnock Bldg. ; 
res., 5848 Prairie Ave., Chicago, Ш. Mar. 1, 1907 
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Мирев, Henry WiNDson, Electrical Engineer, Post and Telegraph De- 

partment, Bangkok, Siam. Sept. 27, 1901 

WILDER, STUART, Northern Westchester Lighting Co., Ossining, N. Y. 

May 20, 1902 

Witpm AN, LEoNARD D., Captain U. S. Signal Corps, Ft., Leavenworth, 

Kansas. Mar. 27, 1903 
Wier, Cart, Electrical Engineer, 581 46th St., Chicago, Ill. 

Sept. 27, 1901 

Witty, Brent, Commercial Engineer, Westinghouse Electric & Mfg. 


Co., Pittsburg, Pa. Apr. 28, 1905 
Witty, JAMES MELIN, Student, Polytechnic Institute; res, 793 
Sterling Pl., Brooklyn, N. Y. Nov. 23, 1906 
Witey, Roy Ropney, Electrical Engineer, The Packard Electric Co., 
Ltd., St. Catharines, Ont. july 28, 1903 
печу, Wm{. H., Scientific Expert, 43 E. 19th St., New York City. 
. Feb. 7, 1888 
Миню1т, FREDERIC SHELTON, Assistant Supt., The Cutler-Hammer 
Mfg. Co.; res., 911 State St., Milwaukee, Wis. May 19, 1903 
Witkins, Epcar Morris, Mexican Lt. & P. Co., Ltd., За Industria 52 
Mexico D. F., Mex. Dec. 19, 1902 
WILKINS, GEoRGE BARNUM, Student, Brooklyn Polytechnic Institute, 
Brooklyn, N. Y. Mar. 29, 1907 
WILKINSON, CEciL Том, Gereral Electric Co.; res., 244 Union St., Schen- 
ectady, N. Y. May 14, 1906 
WILKINSON, JAMES, Chief Engineer Birmingham Railway, Light and 
Power Co., Birmingham, Ala. Feb. 28, 1902 
WILLARD, FREDERICK ALBERT, Electrical Engineer, Rochester Railway & 
Light Co., Clinton Ave., Rochester, N. Y. Nov. 24, 1905 


Wittcox, FRANCIS WALLACE, Assistant to Manager, Lamp Sales Dept., 
Edison Lamp Works, С. E. Co., Harrison, N. J. Mar. 27, 1903 


Wiliams, ANDREW FULLER, Assistant Operating P M кш New 
York Edison Co., 173 W. 107th St., New York City. Jan. 26, 1906 


WILLIAMS, ARTHUR, General Inspector, The New York Edison Co., 57 


Duane St., New York City. June 23, 1897 
WiLLIAMS, CHARLES, Jr., Electrician, 1 Arlington St., East Somerville, 
Mass. Apr. 15, 1884 
Wittiams, FREDERIC ARTHUR, Chief Engineer, Victory Hotel, Put-in- 
Bay, Ohio. Nov. 24, 1905 
WiLLIAMS, Guy VERANUS, Williams & Bernhard Co., Victoria Building, 
St. Louis, Mo. ; Mar. 25, 1904 


WiLLIAMs, HERBERT Howarp, 442 East Michigan St., Marquette, Mich. 
Feb. 27, 1903 
Wittiams, Harry Ѕмітн, Assistant Electrical Engineer, Utica and Mo- 


hawk Valley Railway Co., Utica, N. Y. | May 15, 1905 
WiLLIAMS, Joun RuTLEDGE, Mechanical Engineer, Birmingham Iron Co., 
Birmingham, Ala. Dec. 23, 1904 
Witutams, Louis, Superintendent, United Towns Electrical Co., Ltd., 
Carbonear, Newfoundland. Mar. 1, 1907 
Wittiams, PauL Francis, Assistant General Inspector, Chicago Edison 
Co., 139 Adams St., Chicago, Ill. Mar. 1, 1907 
Wixutams, Ковевт NEIL, Power & Mining Department, General Electric 
Co. Baltimore, Md. Aug. 22, 1902 

У толам, SAMUEL ALFRED, Electrical Contractor, S. A. Williams and Co., 


Jackson, Miss, Mar. 29, 1907 
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WiLLiAMS, SAMUEL Bortar, Cable Ergircer, Bell Telephore Co.; res.. 


608 No. 34th St., Philadelphia, Pa. Apr. 26, 1907 
WILLIAMS, SAMUEL Bryon, JR., Telephore Ergireer, Western Electric Co.. 
259 So. Clinton St., Chicago, Ill. Jan. 25, 1907 
WiLLIAMS, WILLIAM Henry, Asst. Professor of Electrical Er gir eerir g. 
University of Illirois, Urbara, lll. Scpt. 28, 1898 
WILLIAMSON, ALFRED, Assistant Testing Department, Gereral Electric 
Co.,; res., 110 W. 915% St., New York City. Jure 15, 1904 
WILLIAMSON, RoBERT Bairp, Ergireerirg Department, Bullock Elec- 
tric Mfg. Co., Cincinnati, Ohio. Oct. 24, 1902 
WILLIS, FREDERICK WiLL1AM, Ag. Chief Operator, Cauvery Power Scheme, 
Champion Reef, Mysore Prov., Irdia. jan. 29, 1904 
WILLIS, JAMES, Studert, Columbia Uriversity, New York City: tes.. 
West New Brighton, S. I., N. Y. May 14, 1906 
WirLisTON, H. S., Massachusetts Electric Mfg. Co., 648 Summer St.. 
West Lynn, Mass. Nov. 21, 1902 
Wiis, Harry LEVaQvuE, General Marager, Savannah Lightirg Co., 
Savannah, Ga. Jure 15, 1904 
WILLSON, FRANK GARDNER, Instructor in Electrical Engireerirg, Uriv. 
of Illinois; res., 412 W. Elm St., Urbana, Ill. Nov. 24, 1905 
WiLsoN, ALBERT Swaine, Inspector Carnegie Steel Works, Hotel Car- 
negie, Munhall, Pa. Sept. 28, 1906 
Witson, Davip H., Jr., Electrical Engineer, Erie Railroad, Meadville, 
Da. Apr. 26, 1907 


Witson, Evie, FLETCHER, 1108, 8th St., S. E., Minneapolis, Minn. 
Apr. 27, 1906 
WiLsoN, Frank Rees, Superintendent, Public Service Corporation of 


N. J., 567 E. 26th St., Paterson, N. J. Mar. 24, 1905 
Witson, Henry CuiN TON, Chief Engireer, American Compourd Bearing 
Co., 25 Broad St., New York City. Sept. 27, 1901 
WirLsoN, Несн HreaTHLEY, Assistant Superintendent, Ontario Power 
Co., Niagara Falls, Ont. Jure 19, 1903 
Wirsow, J. F., Chief Operator, Postal Telegraph Cable Со. ; теѕ.,11 Auburn- 
dale Ave., Memphis, Tenn. Apr. 26, 1907 
Wivson, J. Ковевтѕ, Salesman, Crocker- Wheeler Co., 912 New Englard 
Building, Cleveland, Ohio. May 27, 1903 
Wiison, LEonarp, Electrical Engineer, Stanley. Electric and Mfg. Со. ; 
res., Beech Grove Inn, Pittsfield, Mass. sept. 20, 1902 
Witson, МокмАХ JAMES, Consulting Electrical Engineer, State Insurarce 
Buildings, Dale St., Liverpool, Eng. Apr. 25, 1902 
WirsoN, PERCY JAMES, Lowell, Electric Light Corporation, 28 Bridge 
St., Lowell, Mass. Aug. 25, 1905 
Witson, ROBERT LEE, Superintendent Construction, Westirglouse E. & 
M. Co., Pittsburg, Pa. Jure 28, 1901 
Witson, RosERT M., Gereral Supt. Electrical Dept., Montreal L. H. & P. 
Co.; res., 28 Seymour Ave., Montreal, P. Q. Jan. 25. 1899 


WILSON, SEPTIMUS, Westinghouse Electric ard Mfg. Co., Baltimore, Ма. 
Jan. 29, 1904 
WILTBERGER, BERTRAM P., with L. B. Stillwell, 1314 Contirental Trust 
Bldg., Baltimore, Md. Mar. 27, 1903 


WiLY, JAMES Hunter, Private Assistant. W. S. Franklin, Lehigh 
University; res., 704 Dakota St., So. Bethlekem, Pa. Mar. 29, 1907 
Wiman, Louis Erastus, Engineerirg Department, General Electric Co.: 
res., 1 State St., Schenectady, N. Y, Dec. 28, 1906 
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WINFIELD, JAMES H., General Manager, Nova Scotia Telephone, Ltd., 
Halifax, N. S. May 17, 1898 


Winco, CHARLES Evans, JR. Assistant Ergireer, Electric Mfg. ard 
Equipmer.t Co. ; res., 49 W. Baker St., Atlanta, Ga. Sept. 28, 1906 


Winn, Harry Dovcras, Electrical Ergireer, Westingkouse Electric ard 
Mfg. Co., 622 Empire Bldg., Atlarta, Ga. jure 14, 1905 


WINN, JOHN Epwanp, 122 Fourth St., Union Hill, N. J. May 20, 1902 
WissHiP, WaLTER Epwin, Electrical Ergireer, Gould Storage Battery 


Co., 341 Fifth Ave., New York City. May 19, 1903 
Wins Low, CHARLES GARDNER, New York Central ard Hudson River R.R., 
5 Varderbilt Ave.; res., Mourt Verron, N. Y. Aug. 22, 1902 
Wixstow, I. E., Tke Gereral Traction Company, Ltd., 20 Bishops- 
gate St., (within) Lordon E. C., Erg. Nov. 12, 1889 
Winston, CHARLES SUMNER, Chief Ergireer, Kellogg Switchboard ard 
Supply Co.; res., 5834 Rosalie Ct., Chicago, Ill. Feb. 23, 1906 
WiN-TER, WILLIAM GEORGE, Chief Draftsman, Emerson Electric Mfg. Co., 
2648A Oregon Ave., St. Louis, Mo. Mar. 29, 1907 
Wix-TNER, Lovis, Manager, N. Y. Supply Sales, Stanley G. I. Electric 
Mfg. Co., 42 Broadway, New York City. May 21, 1901 
WIN TRINGHAM, J. P., Theorist, Mills Building, 35 Wall St., New York 
City; res, 135 Henry St., Brooklyn, N. Y. May 7, 1889 
Wise, JOHN SHREEVE, Jr., Manager, Harwood Electric Power Co., 
Lattimer Mines, Pa. | Feb. 15, 1896 
Wisw ELL, Ozno N., Snoqualmie Falls and White River Power Co., Sro- 
qualmie Falls, ash. May 17, 1904 
WiTHERBY, Epwin E., Engireer and General Manager, United Gas ага 
Electric Co., 40 Wall St., New York City. Mar. 25, 1904 
WitHINGTON, BERNARD, Draftsman, Lancashire Dynamos and Motor Co. 
Ltd., Manchester, Eng. June 21, 1907 
Wittic, Gustav [Local Secretary], Instructor in Electrical Engireerirg, 
University of Maine, Orono, Me. Mar. 24, 1905 
WoHLAUER, ALFRED, Electrical Engineer, 26 W. 97th St, New York 
City. Nov. 20, 1903 
WoHLERS, CHARLES, Consulting Engineer, Western Electric Co.; res., 
305 E. 40th St., New York City. Sept. 22, 1905 
Wotr, Harry Јонм, Chief Engineer, Superintendent, Starley Mines, 
Idaho Springs, Colo. May 14, 1906 
Wotr, Lee H., Contracting and Engineering, Honolulu, H. T. 
Oct. 24, 1900 
WotrE, Ernest A., Electrical Engineer, 708 Land Title Bldg., Philadel- 
phia, Pa. Nov. 25, 1904 


Wore, JosepH Tuomas, Tonopah Mining Co., Tonopah, Nev. 
June 28, 1901 
Wotrr, Frank A., Prof. of Physics ard Electrical Eng., Col. Univ., 
and in office Bureau of Stardards, Washington, D.C. Dec, 27, 1899 
Worrr, Satomon, Allis-Chalmers Co., Clevelard, Ohio. Feb. 27, 1903 
Worvre, Witty Aucust, Telephone Ergireer, Western Electric Co., 463 
West St.; res., 320 Manhattan Ave., New York City. Oct. 27, 1905 
Wotts, WiLLIAM A., Engineer, 147 Thurman St., Columbus, Ohio. 
May 17, 1904 
Моітмлх, Ernst, Manager, Albert and J. M. Arderson Mfg. Co., 135 
Broadway; res., 610 W. 113th St., New York City. Mar. 29, 1907 


Wottz, Roscoe, Roanoke Railway & Electric Co., Roanoke, Va. 
Dec. 23, 1904 
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Woop, ALBERT E., Trumbull Electric Mfg. Co., Plainville, Conn. 
Jan. 27, 1905 


Woop, FRANKLIN WASHINGTON, Local Manager, Charles Cory & Son; res., 
223 29th St., Newport News, Va. Nov. 24, 1905 
Woop, Harry PETERMAN, Assistant Professor, Electrical Engineerir g, 
University of Illinois; res., Urbana, Ill. Nov. 23, 1906 


Woop, Howarp Jony, Chief Draftsman, Office Electrical Engircer B. 
& О. К.К. Co., Baltimore, Md. Dec. 28, 1906 


Woop, К. Homer, General Manager, Electric Novelty Appliance Co., 510 
. Main St.; res, 107 N. 4th St., Richmond, Va. Jan. 27, 1907 


Woon, REGINALD JOHN CUMMING, Engineering Department, Edison 


Electric Co., Los Angeles, Cal. Sept. 28, 1906 
Woop, WALTER, Managing Partrer, К. D. Wood and Co., 400 Ctest- 
nut St., Philadelphia, Pa. Dec. 23, 1904 
Wooparp, D. Cari, Switchboard Operator Gereral Electric Co.; res.. 13 
Eagle St., Scherectady, N. Y. jure 21, 1907 


WOODBRIDGE, JosEPH LEsTER, Chief Engireer, Electric Storage Battery 
Co., 19th St. and Allegl eny Ave., Philadelphia, Pa. Apr. 28, 1905 
WoopBuRy, CHARLES JEPHTA HILL, Secretary, National Association of 
Cotton Mfrs., Room 501, 45 Milk St., Boston, Mass. Aug. 22, 1902 
WoopBvny, DantEL Coryton, N. Y. C. & Н. R. R.R., Room 1232, Grand 


Central Station., New York City. Apr. 25, 1902 
Woopsurky, Epwarp, Electrician, Pacific Light and Power Co.; res., 2930 
Dorchester St., Los Angeles, Cal. Jan. 27, 1905 
WoopBvRy, STEPHEN Epwarp, Engineer, Simplex Electric Heating Со. ; 
res, 163 Magazire St., Cambridge, Mass. Jure 21, 1907 
WoopbFIELD, SYDNEY, Assistant Engireer, Brush Electrical. Engincering 
Co., Ltd., London, S. E., Eng. Feb. 28, 1902 


WOODHOUSE, ALBERT LLovp, Gereral Supt. of Utah Dept., The Telluride 
Power and Transmission Co., Provo City, Utah. Aug. 22, 1902 
WoonpMANseEE, Fay, Electrical Engir cer, Sargent & Lundy, Railway Ex- 


change, Chicago, Hi. May 17, 1904 
WOODWARD, CORNELIUS WENDELL, Purchasing Agt., Electric Storage Bat 
Co., 19th St. & Allegheny Ave., Philadelphia, Pa. Sept. 26, 1002 


WOODWARD, FREDERICK SEARLE, 22 McDonough St., Brooklyn, N. Y. 
Jure 28, 1901 
Woopwanp, Henry WirMor, Secretary, The Cleveland Engircering Co., 
1310 New England Building, Clevelard, Ohio. May 19, 1903 
WoopwELL, JULIAN ErRNEsT, Inspector of Electric Lighting Plants, U. S. 
Treasury Department, Washington, D. С. jure 21, 1907 
WoonpwoRTH, GEo. K., Patent Attorney, Browre & Woodworth, 31 State 
St., Boston, Mass. Feb. 17, 1897 
WoopwortTH, LEoN Byron, Electrical Engircer, New Heriot Gold Minir g 
Co., Johanresburg, Transvaal. Nov. 23, 1900 
WoonwomnrH, РиплрР BELL, Professor of Electrical Ergireerirg, Lewis 
Institute, Chicago; res., 5808 Ohio St., Austin, Ill. July 12, 1900 
WooLDbRIDGE, WILLIAM Joux. Electrical Ergirecr, Gereral Electric Co.; 


res., 1303 Union St., Schenectady М. Y. Sept. 28, 1906 
WOOLFENDEN, Нкккү L., President and Chief Engineer, Gilbert Wilkes 
& Co., 435 17th St., Denver, Colo. Mar. 27, 1903 


WOOLFENDEN, JOHN JOSEPH, Draftsman, Brush & Allen, 1331 Fenobscot 
Bldg.,; res., 25 E. Alexandrine Ave., Detroit, Mich. June 21, 1907 


WooLroRD, WILLIAM ALLEN, General Electric Co., 1600 Continental 
Trust Bldg., Baltimore, Md, Oct. 24, 1902 
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WoorL:scRorT, Joun HaRorp, Electrical Engineer, Mount House, 


Hawarden, Chester, Eng. May 19, 1903 
WorCESTER, THOMAS ALFRED, Power and Mining Engineering Dept.. 
General Electric Co., Schenectady, N. Y. Sept. 28, 1906 
Work, WILLIAM RorH, Instructor in Electrical Practice, Carnegie Tech- 
nical Schools, Pittsburg, Pa. jan. 25, 1907 
Worswick, А. E., with S. Pearson & Son, Ltd., Puente de Alvarado 15, 
Mexico City. Sept. 20, 1893 
Woy, FRANK PALMER, Assistant to Electrical Engineer, J. С. White & 
Co., 43 Exchange Pl., New York City. July 28, 1903 
Wray, CHARLES CLAREMONT Roserts, Electrical Engineer Hazlemcere 
Coleraine Road, Blackheath, London., Eng. Sept. 28, 1906 


Wray, J. GLEN, Engineer, Chicago Telephone Co., 203 Washington St., 
Chicago; res., 618 Washington Ave., Wilmette, Ill. Sept. 20, 1893 


WRIGHT, ARTHUR, Consulting Electrical Engincer, 3 Addison Road, 


Kensington, London, Eng. Apr. 27, 1906 
WricHt, СНАВІЕЅ Harvey, Engineer, Canadian General Electric Co.. 
Citizen Building, Ottawa, Ont. Dec. 18, 1903 


WRIGHT, EDWARD ALBIN, 214 Beckley Building, Rochester, N. Y. 
Dec. 28, 1906 


WriGHT, Epwin Carew, Electrical Engineer, Allis-Chalmers Co., Cincin- 


nati, Ohio. Jan. 25, 1907 
WRIGHT, FRANK THoMAS, Draftsman, 67 Mount St., Charlton, S. E. 
London. Eng. | Oct. 23, 1903 
WriGHT, GILBERT, Electrical Епрігесг, The Stanley Electric Mfg. Co., 
Pittsticld, Mass. jure 19, 1903 
Wricut, HerBert W., Electrical Engineer, Stamford Gas & Electric Co., 
Stamford, Texas. Sept. 28, 1906 
WnaicHT, Jonn ЈоѕЕРН, General Manager, Toronto Electric Light Co., 
12 Adelaide St., E. Toronto, Ont. Aug. 25, 1905 
Wricut, Joun WirLiAM, Electrical Engireer, Bell Telephone Co.; г s., 
5223 Pire St., Philadelphia, Pa. Apr. 27, 1906 
Wricut, Leon Мил, Chief Electrician, U. S. Navy, U.S. F. S. “Chicago,” 
San Francisco, Cal. Oct. 26, 1906 
Wricut, REUBEN IrvinG, Assistant Engineer, Electric Controller and 
Supply Co., Cleveland, O. July 19, 1904 
WRIGHT, WALTER Farapay, Power and Mining Engineering Dept. 
General Electric Co., Schenectady, N. Y. Sept. 28, 1906 
WRIGLEY, GEoRGE, Assistant, Engineering Department, General Electric 
Co., Empire Bldg., Atlanta, Ga. Dec. 19, 1002 
WUNDERLICH, Арогрн, Electrical Engineer, Cuyahoga, Mayfield. Road. 
Sanderstead, Surrey, Eng. July 28, 1908 
WURDACK, Huco, Superintendent of Electric Station, Laclede Gas Light 
Co.; res, 1221 Euclid Ave., St. Louis, Mo. Dec. 18, 1908 
Wry Lie, Dr. WALKER GiLL, President, Southern Power Co.: res., 28 W. 
40th St., New York City. Oct. 27, 1905 


Wy tiie, Ковевт Epwarp, Captain U. S. Artillery Corps, Manila, P. I. 
Sept. 25, 1905 
Wyman., Wa ter S., Manager, Messalonskee Electric Co., and Oakland 
Electric Co., Waterville, Me. Jan. 23, 1903 
W YNKOOP, Новевт $снукмАм, Electrical Engineer, Dept. of Water Sup- 
ply. Gas & Elec., Municipal Bldg., Brooklyn, N. Y. May 15, 1905 
Wynn, JOHN G., Engineer, Northern Electric Mfg. Co.; res., 1223 Jenifer 
St., Madison, Wis, Dec. 18, 1903 
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Wynne, Henry Jonn, Signal and Electrical Engineer, Government Rail- 


ways, Wellington, N. Z. Apr. 27, 1906 
YAMAZAKI, SHIRO, Engireer, Fujioka Electric Office, 1 Itckome Yaesu- 
machi Kojimachi-Ku, Tokyo, Japan. Jan. 24, 1902 
YARDLEY, JOHN Linn McKim, Engineer, Westinghouse Electric & Mfg. 
Co. Buffalo, N. Y. Mar. 23, 1906. 
Yates, GEorGE LivixcsTON, Traffic Chief, New York Telephore Co.; res., 
40 South Fifth Ave., Mt. Verron, N. Y. jure 21, 1907 
YATES, THOMAS JARVIS, Superinterdent City Electric Service, Utah Light 
and Railway Co., Salt Lake City, Utah. Oct. 26, 1906 


Yates, МиллАМ СнАСХСЕҮ, Commercial Ergirecr, Rkeostat Depart- 
ment, General Electric Co., Scherectady, М. Y. Nov. 23, 1906 


YAWGER, Tuomas H., Asst. Superinterdert, Rocbester Gas & Electric 


Co., 84 Ardrews St., Rockester, N. Y. July 19, 1904 
YEAKLE, JAMES B., Superinter.dent of Telegraph, Fire Department, City 
Hall, Baltimore, Md. Jure 14, 1905 
YEARSLEY, EUGENE Wixson, Electrical Ergireer, Midvale Steel Co., 
Nicetown, Philadelphia, Ра. Mar. 27, 1903 
YENSEN, PETER, Gereral Marager, Tle Cleveland Telephore Co., Tele- 
phore Building, Clevelar.d, Ohio. Mar. 27, 1903 


YEREANCE, WILLIAM BuRNET, Consultirg Ergireer, 24 Broad St., New 
York City; res., 418 Center St., South Orarge, N. J. Mar. 24, 1905 
YETMAN, CHARLES ELMER, V. P. ard Gereral Manager, Yetman Trans- 
mitting Typewriter Co., New York City. Jan. 27, 1905 
YocHuM, Louris бкокскЕ, Foreman, Western Electric Co., New York 
City; res., 466 6th St., Brooklyn, N. Y. Jure 21, 1907 


York, BERT Starr, Power Apparatus Salesman, Western Electric Co.; 
res., 207 Hazel Ave., Chicago, lll. Apr. 26, 1907 


YORKE, о MARSHALL, Дес. Er gir eer, American Tele. ard Telegraph 
Co., 15 Dey St.; res., 44 Irving Pl., New York Citv. Apr. 25, 1902 


YOSHISAKA, SUKICHI, вена! Engincer, 47 2d St., Sannomiva, Kobe, 


Japan. Aug. 25, 1905 
Younc, CHARLES І., Electrical Engincer, Westinghouse Elec. & Mfg. Co., 
708 Land Title Bldg., Philadelphia, Pa. jure 27, 1895 
YovNc, ERNEST JAMES, Electrician, Michigan Lake Superior Power Co., 
905 Swinton St., Saulte Ste Marie, Mich. Dec. 15, 1905 
YouNG, FREDERICK WILLIAM, Chief Tester, Crocker- Wheeler Co., Атпрете, 
М.].; res., 47 William St., East Orange, N. J. Aug. 22, 1902 
Үосмс, Н. W., Salesman, Westinghouse Electric and Mfg. Co., Pittsburg, 
Pa., Apr. 28, 1905 
Younc, James Watts, The Beredict, 80 Washington Square, New 
York City. Dec. 18, 1903 
Younc, WıiıLBUR HUBBELL, Engineering Department, Gould Storage 
Battery Co., 341 Fifth Ave.. New York City. Apr. 26, 1907 


YovNG, WILLIAM ALEXANDER, Cable Inspector, Electrical Commission of 
Baltimore; res., 311 E. North Ave., Baltimore, Md. Mar. 24, 1905 


YOUNGBLOOD, Frank JAMES, General Manager's Office, Westir ghouse 


Electric and Mfg. Co., Pittsburg, Pa. May 17, 1904 
YviLL, ALEXANDER CLAUDE Roy, Erectirg Ergireer, Canadian Gereral 
Electric Co., 14 King St. E., Toronto, Ont. Nov. 23, 1906 
Үсмрт, GEorGE Jacos, Electrical Engireer, Southern Bell Telephore & 
Telegraph Co., Atlanta, Ga. Apr. 22, 1904 
LAREL. Max W., Sales Marager, American Electric Tel. Co., State & 
G4th St., Chicago, lll. Jan. 24, 1900 
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ZABRISKIE, HENRY Lyvrzs, Electrical Ergireer, Diehl Mfg. Co., Elizateth, 


N. J.; res., 28 Regent P1., Brooklyn, N. Y. Mar. 27, 1€03 

ZALINSKI, EpMuND L., Major of Artillery, U. S. A. (retired), 201 E. 

16th St., New York City. May 17, 1887 

Zant, ARNALDO P., Electrical Engireer, English Electric Mfg. Co., Ltd., 

Preston, Larcashire, Eng. july 12, 1900 
ZAPATA, J. M., Constructing Ergireer, Olozaga 3, Madrid, Spain. 

Feb. 28, 1900 

Zapp, Louis Mitton, Electrical Ergireer, А. L. Drum & Co., 624 Ameri- 

can Trust Bldg., Chicago, lll. cept. 25, 1903 


Zavitz, RicHARD. HERMON, District Marager, Allis-CFalmers-Bullock, 
Ltd., Varcouver, i Feb. 26, 1904 
ZELEWSKY, ALEXANDER, Chief Engineer, Ganz & Co., Budapest, Hurgary. 
Sept 28, 1906 

ZIMMERMAN, CLARENCE InviNG, Experimental Work, Carborurdum Co.; 
res., 310 Jefferson Ave., Niagara Falls, N. Y. Apr. 22, 1904 


ZIMMERMAN, Harry BENJAMIN, Sales Ergireer, Niagara ard Lockport 
Ontario Power Co., 816 Fidelity Bldg., Buffalo, N.Y. Jure 21, 1907 


Zipp, РнилР Henry, Sub-station Foreman, Irdiarapolis ard Eastern 
Railway Co., 15 W. South St., Greenfield, Ind. May 14, 1906 


ZoRAWSKI, CONSTANTIN, Designing Engireer, Muhlenstrasse No. За, 


Quartier 16, Riga, Russia. Mar. 25, 1904 
Zucker, ARTHUR A., Draftsman, Newborg & Co., 44 Broadway, New 
York City. Jan. 29, 1904 
LZwigrUscH, Epwarp Отто, Electrical Engireer, Telephon Apparat Fa- 
bric Petsch, 2. & Co., Charlottenburg, Ger. Nov. 22, 1901 
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190 OFFICERS AND COMMII TEES. 


Ofticers and Board of 
Directors, 1907-1908. 


PRESIDENT. 


HENRY GORDON STOTT. New York, N. Y. 


JUNIOR PAST-PRESIDENTS. 
SCHUYLER S. WHEELER, Ampere, N. J. 
SAMUEL SHELDON, Brooklyn, М. Y. 


VICE-PRESIDENTS. 
H. H. HUMPHREY, St. Louis, Mo, 
A. H. ARMSTRONG, Schenectady, N. Y. 
FRANK G. BAUM, San Francisco, Cal. 


JAMES G. WHITE, New York, N. Y. 
W. C. L. EGLIN, Philadelphia. Pa. 
L. A. FERGUSON, Chicago, Ill. 


MANAGERS. 


CUMMINGS C. CHESNEY, Pittsfield, Mass. 
BANCROFT GHERARDI, New York, N. Y. 


CHARLES L. EDGAR, Boston, Mass. 
CALVERT TOWNLEY, New Haven, Conn. 


JOHN J. CARTY, New York, N. Y. 
A. M. SCHOEN, Atlanta, Ga. 

PAUL M. LINCOLN, Pittsburg, Pa. 
PAUL SPENCER, Philadelphia, Pa. 


MORGAN BROOKS. Urbana, lll. 
HAROLD W. BUCK, New York, N. Y. 
PERCY H. THOMAS, Montclair, N. J. 
BENJAMIN G. LAMME, Pittsburg, Pa. 


TREASURER. 


GEORGE A. HAMILTON, New York, N. Y. 


SECRETARY. 
RALPH W. POPE, New York, N. Y. 


Past-Presidents. 


NORVIN GREEN, 1884-5-6. 
FRANKLIN L. POPE, 1886-7. 

T. COMMERFORD MARTIN, 1887-8. 
BDWARD WESTON, 1888-9. 
ELIHU THOMSON, 1889-99. 

W. A. ANTHONY, 1890-91. 

ALEX. GRAHAM BELL, 1891-2. 
FRANK J. SPRAGUE, 1892-3. 
EDWIN J. HOUSTON, 1893-4-5. 
LOUIS DUNCAN, 1895-6-7. 
FRANCIS B. CROCKER, 1897-8. 
A. E. KENNELLY, 1898-1900. 
CARL HERING, 1900-1901. 
CHARLES P. STEINMETZ, 1901-2 
CHARLES F. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4. 

JOHN W. LIEB, JR., 1904-5. 
SCHUYLER S. WHEELER, 1905-6. 
SAMUEL SHELDON, 1906-7. 


GENERAL COUNSEL, 
PARKER and AARON, 


52 Broadway, New York, М. Y 


[Dec. 


Standing Committees. 


EXECUTIVE COMMITTEE. 


H. G. STOTT, Chairman. 
600 W. 59th Street, New York. 
C. C. CHESNEY, Pittsfield, Mass. 
C. L. EDGAR, Boston, Mass. 
GEO. A. HAMILTON, New York. 
RALPH W. POPE, New York. 
CALVERT TOWNLEY, New Haven. Conn. 
JOHN J. CARTY. New York. 


FINANCE COMMITTEE. 


CALVERT TOWNLEY, Chairman. 
Consolidated Railway Co., New Haven, Ct 

Н. W. BUCK, New York. 

BANCROFT GHERARDI, New York. 


LIBRARY COMMITTEE. 


EDW. CALDWELL, Chairman. 

239 West 39th Street, New York. 
MORGAN BROOKS, Urbana, III. 
MAX LOEWENTHAL, New York. 
F. A. SCHEFFLER, New York. 
PHILIP TORCHIO, New York. 


MEETINGS AND PAPERS COMMITTEE. 


PERCY H. THOMAS, Chairman. 

52 William St., New York. 
A. H. ARMSTRONG, Schenectady, N. Y. 
PAUL M. LINCOLN, Pittsburg, Pa. 
RALPH D. MERSHON, New York. 
H. H. NORRIS, Ithaca, N. Y. 


STANDARDS COMMITTEE. 


SAMUEL SHELDON, Chairman. 
Polytechnic Institute, Brooklyn, N. Y 

B. A. BEHREND, Cincinnati, О. 

A. E. KENNELLY, Cambridge, Mass. 

D. C. JACKSON, Boston, Mass. 

CHAS. F. SCOTT, Pittsburg, Pa. 

C. H. SHARP, New York. 

C. P. STEINMETZ, Schenectady, N. Y. 

L. B. STILLWELL, New York. 

S. W. STRATTON, Washington, D. C. 


EDITING COMMITTEE. 


GEORGE F. SEVER, Chairman. 
Columbia, University, New York. 

W. Н. BROWNE, Jr., New York. 

PERCY Н. THOMAS, New York. 


BOARD OF EXAMINERS. 


HAROLD W. BUCK, Chairman. 
49 Wall Street, New York. 

H. H. BARNES. Jr., New York. 

MAURICE COSTER, New York. 

W. C. L. EGLIN, Philadelphia, Pa. 

GEORGE F. SEVER, New York. 


1907] 
SECTIONS COMMITTEE. 


PAUL SPENCER, Chairman. 
Broad and Arch Streets, Philadelphia, Pa. 
WILLIAM ESTY, Bethlehem, Pa. 
H. H. NORRIS, Ithaca, N. Y. 
D. B. RUSHMORE, Schenectady, N. Y. 
P. B. WOODWORTH, Chicago, Il. 


CODE COMMITTEE. 


F. A. C. PERRINE, Chairman. 
60 Wall Street, New York. 

J. C. FORSYTH, New York. 

А. M. SCHOEN, Atlanta, Ga. 

GEORGE F. SEVER, New York. 

Н. A. SINCLAIR, New York. 

Н. 5. WARREN, New York. 

ARTHUR WILLIAMS, New York. 


LAW COMMITTEE. 


C. O. MAILLOU X, Chairman. 
76 William Street, New York. 
A. H. ARMSTRONG, Schenectady, N. Y. 
H. A. LARDNER, New York. 
E. A. SPERRY, Brooklyn, N. Y. 
C. A. TERRY, New York. 


Special Committees. 


BUILDING FUND COMMITTEE. 
T. C. MARTIN, Chairman. 
239 W. 39th Street, New York. 

J. C. BARCLAY, New York. 

J. J. CARTY, New York. 

C. L. EDGAR, Boston, Mass. 

Р. W. JONES, New York. 

J. W. LIEB, Jr., New York. 

В. J. SPRAGUE, New York. 

J. О. WHITE, New York 


COMMITTEE ON INCREASE OF MEMBERSHIP. 

D. B. RUSHMORE, Chairman, 
Schenectady, N. Y. 

A. W. BERRESFORD, Milwaukee, Wis. 

S. S. DICKENSON, New York. 

GANO DUNN, Ampere, N. J. 

BANCROFT GHERARDI, New York. 

F. L. HUTCHINSON, New York. 

S. M. KINTNER, Pittsburg. 

A. P. PECK. New York. 

W. L. WATERS, Milwaukee. 


HIGH-TENSION TRANSMISSION COMMITTEE. 
(Sub-com. of Meetings and Papers Committee.) 
RALPH D. MERSHON, Chairman. 
60 Wall Street, New York. 
F. G. BAUM, San Francisco. 
C. C. CHESNEY, Pittsfield, Mass. 
В. G. LAMME, Pittsburg. 
PAUL M. LINCOLN, Pittsburg. 
W. S. MOODY, Schenectady. 
W. N. RYERSON, Niagara Falls, N. Y. 
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RAILWAY COMMITTEE. 
(Sub-com. of Meetings and Papers Committee.) 
A. H. ARMSTRONG, Chairman. 
Schenectady, N. Y. 

WM. McCLELLAN, New York. 

H. ST. C. PUTNAM, New York. 

C. W. RICKER, Cleveland, O. 

N. W. STORER, Pittsburg, Pa. 


CODE OF ETHICS COMMITTEE. 
SCHUYLER S. WHEELER, Chairman. 
Ampere, N. J. 
BION J. ARNOLD, Chicago. 
Н. W. BUCK, New York. 
J. J. CARTY, New York. 
L. A. FERGUSON, Chicago, Ill. 
B. G. LAMME, Pittsburg. 
J. W. LIEB Jr., New York. 
C. Р. SCOTT, Pittsburg. 
SAMUEL SHELDON, Brooklyn. 
C. P. STEINMETZ, Schenectady, N. Y. 
L. B. STILLWELL. New York. 


EDUCATIONAL COMMITTEE. 

(Sub-com. of Meetings and Papers Committee.) 
HENRY H. NORRIS, Chairman, 

Cornell University, Ithaca, N. Y. 
GANO DUNN, Ampere, N. J. 
DUGALD C, JACKSON, Boston, Mass. 
C. O. MAILLOUX, New York. 
CHARLES F. SCOTT, Pittsburg. Pa. 


THE INTERNATIONAL ELECTROTECHNICAL 
COMMISSION. 

United States National Committee. 
ELIHU THOMSON, President. Lynn, Mass. 
CHARLES Р. SCOTT, 15% Vice-president. 
SAMUEL SHELDON, 2d Vice-president. 
BION J. ARNOLD, 

B A. BEHREND, 
ARTHUR W. BERRESFORD, 
JOHN J. CARTY, 

W.C. L. EGLIN, 

CARL HERING, 

JOHN W HOWELL, 
DUGALD C. JACKSON, 
FRANCIS W. JONES, 
ARTHUR E. KENNELLY, 
BENJAMIN G. LAMME, 
W. A. LAYMAN, 

JOHN W. LIEB, Jr.. 
CLAYTON H. SHARP, 
CHARLES P. STEINMETZ, 
LEWIS B. STILLWELL, 
HENRY G. STOTT, 
SAMUEL W. STRATTON. 


COMMITTEE ON FOREST PRESERVATION. 
C. H. PORTER, Chairman. 
Mass. Inst. Technology, Boston. 
R. G. BLACK, Toronto, Ont. 
P. G. GOSSLER, New York. 
A. M. SCHOEN, Atlanta, Ga. 
J. A. THALER, Bozeman, Mont, 
C. A. WADDELL, Biltmore, N. C. 


COMMITTEE ON BIBLIOGRAPHY. 
WM. D. WEAVER. 239 W. 39th St.. New York. 
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SECTIONS AND BRANCHES. 


[Dec. 


Sections and Branches—Directory. 


Name and when Organized. 


Armour Institute. ..Feb 


Cornell University. .Oct. 
lowa State College. .A pr. 
Lehigh University. Oct. 


26, 
15, 
15, 
15, 


Montana Agr. Col. . May 21, 


Ohlo State Univ. . ..Dec 
Penn. State College.Dec 


Purdue University . .Jan. 
Syracuse University Feb. 


Univ. of Arkansas.. Mar 
Univ. of Colorado. . Dec 
Univ. of Michigan.. Mar 


Univ. of Missouri... Jan 


20. 
20, 
26. 
24, 
25, 


10, 


Univ. of Montana. . May 21, 


Univ. of Wisconsin Oct. 


Washington Univ. ..Feb 


Univ. of Maine... . Dec. 


Worcester Polv. Inst. Mar 25. 


15, 
26, 
26, 


SECTIONS. 
Atlanta............ Jan. 19, '04 
Baltimore......... Dec. 16, '04 
Boston............ Feb. 13, '03 
Chicago........... ‚.....1803 
Cincinnati......... Dec. 17, '02 
Cleveland. ...... ..Sept. 27, '07 
Columbus......... Dec. 20, '03 
Minnesota.... Apr. 7, '02 
Pittsburg РИТЕР Oct. 13, '02 
Pittsfield Mar. 25, '04 
Philadelphia....... Feb. 18, '03 
San Francisco...... Dec. 23, '04 
Schenectady....... Jan. 26, '03 
Seattie............ Jan. 19, '04 
$t. Louis. ......... Jan. 14, '03 
Toledo. ........... June 3, '07 
Toronto. ....... .. Sept. 30, '03 
Urbana....... ....Nov. 25, '02 


Washington, D. C.. Apr. Ө, ‘03. 


Chairman. 


J. H. Finney. 


J. B. Whitehead. 


W m. L. Puffer. 
Н. R. King. 

A. G. Wessling. 
Henry B. Dates. 
R. J. Feather. 
H. J. Gille. 

C. E. Sinner. 
J- 1nsull. 

J. F. Stevens. 
C. L. Cory. 


D. B. Rushmore. 
C. E. Magnusson. 


А. S. Lang:dort. 
W. G. Nagel. 
K. L. Aitken. 
J. M. Bryant. 
P. G. Burton. 


T. C. Oehne, Jr. 
E. L. Nichols. 
Р. А. Fish. 

Н. О. Stephens. 
С. M. Fisl.er. 

F. W. Funk. 
E. W. Nick. 
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SINGLE-PHASE VERSUS THREE-PHASE GENERATION 
FOR SINGLE-PHASE RAILWAYS 


BY A. H. ARMSTRONG 


The introduction of the alternating-current single-phase 
railway motor calling for a single-phase secondary distribution 
system makes it pertinent to inquire into the question of power 
generation and primary distribution for such systems. While 
the simplicity of single-phase generation and distribution is 
unquestioned, it is not alwavs possible or desirable in these 
days of general power distribution to install a generating station 
and primary distribution system capable of taking care of 
alternating-current railway load alone, to the exclusion of 
synchronous converters and other receiving machinery requiring 
three-phase input. 

As the use of either the single-phase or the multiphase generator 
seems to be open to certain objections, various methods of 
distribution are presented herewith, with some of the advantages 
and disadvantages pertaining to each. 


SINGLE-PHASE GENERATION 


1. Single-phase generation and transmission makes it im- 
possible to use synchronous converters, self-starting synchronous 
motors, or induction motors starting under load. Poorly 
adapted for general power distribution, it is chiefly limited 
in application to alternating-current railway operation; its 
use is, therefore, open to grave objections of a commercial 
nature where there exists any possibility of selling power or in 
any way utilizing it for general converter and motor work. 

2. The single-phase generator has an unbalanced armature 
reaction which is the cause of considerable flux variation in the 
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field pole-tips, and in fact throughout the field structure. In 
order to minimize eddy currents, such generators must, there- 
fore, be constructed with thinner laminations and oftentimes 
poorer mechanical construction, resulting in increased cost of the 
generator. The large single-phase armature reaction results in 
a much poorer regulation than that obtained with a three-phase 
generator; it calls for increased amount of field copper; it 
requires more liberal design; it also requires larger exciting 
units—these make the cost of the single-phase generating unit 
throughout considerably more than that of a three-phase unit of 
the same output and heating. 

The difficulties of single-phase generator construction appear 
to increase with decrease in frequency. The adoption of any lower 
frequency than 25 cycles may therefore result in. serious dit- 
culties in construction for a complete line of machines of the 
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single-phase tvpe, especially of the two- or four-pole turbine- 
driven type, where the field flux is very large per pole. 

3. To offset the difficulty of single-phase generator construc- 
tion, its greater cost and poorer efficiency, there are the ad- 
vantages of simplicity in. the entire generating, primary, and 
secondary distribution systems for single-phase roads. These 
advantages are so great that they justify considerable expense; 
looked at from the railway point of view only, the single-phase 
system throughout may be considered as offering the most 
advantages. 

THREE-PHASE GENERATION 


Three-phase generation and distribution is in almost uni- 
versal use. Many single-phase railways receive power from such 
systems. The commercial advantages resulting from the use 
of such generators may in certain cases justify the complication 
of single-phase secondary distribution obtained from a three- 
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phase source. As these commercial advantages are in many 
cases controlling, various combinations of three-phase--single- 
phase connections are presented herewith. 

1. Three-phase generation and primary distribution to molor- 
generator sets feeding into the single-phase secondary distribution. 
This system has all the advantages of obtaining power from a 
three-phase distrrbution which may also feed synchronous 
converters and a general power load; it is independent of the 
trequency of the generating system, being equally adapted for 
60 or 25 cycles. It is the only system which will give perfect 
balance on a three-phase distribution system. Its disadvan- 
tage hes in the cost of the motor-generator sub-station. 

2. Three-phase generators operating alternating-current rail- 
way load on one leg, thus calling for both primary and secondary 
single-phase distribution. Commercial considerations of a pos- 
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sible future synchronous converter or power load may justify 
the installation of three-phase generators designed for single- 
phase output for railway load and three-phase output for general 
power distribution. This system is open to the objection of 
serious unbalancing due to railway load on one phase only, and 
this unbalancing may be so great as to cause undue heating in 
synchronous converters, synchronous motors, and induction 
motors fed from the unequal potentials of all three legs of the 
three-phase generator. Tests have been made which indicate 
that receiving apparatus may have its capacity reduced from 
30 to 50 per cent. with normal heating with the unbalancing 
caused by a single-phase railway load fed from a three-phase 
generator in commercial operation. 

A three-phase generator run as a single-phase generator is open 
to all the objections of excessive armature reaction, poor regula- 
tion, and pulsating flux in field structure noted above for single- 
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phase generators. Such generators must be rated single-phase 
at two-thirds or less of their output when operating on a balanced 
three-phase load. 

3. Three-phase generation and primary distribution to sub- 
station, feeding successive trolley sections with separate phases. 
Where the length of the road is sufficient to permit sectionalizing 
the trolley into three sections, or multiples of three, having an 
equal load on each section, this method provides for balancing 
the three-phase load, thus securing full output of the generator, 
non-interference with power load, etc. Each sub-station must 
contain two sets of transformers connected to separate phases, 
so that adjacent sub-stations may feed like phases into a common 
trolley section’ extending between them. The installation of a 
single transformer in each sub-station would necessitate the 
sectionalizing of the trolley midway between sub-stations, hence 
losing half the effective value of the copper as obtained with the 
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trolley sectioned at the sub-stations and two adjacent sub- 
stations feeding a common trolley section. 

This method of obtaining a balanced three-phase load is open 
to the objection of complication and possible ineffectiveness, 
with serious disarrangements of schedule such as take place in 
railway operation during different periods of the day and season. 

4. Two-phase generation, generating station located in center 
of system and feeding one phase each way. So long as the 
load is balanced upon the two primary distribution systems, this 
method of connection 15 capable of good results; but operation 
under the necessities of commercial service shows it to be very 
dithcult to balance the load upon the two phases, thus resulting 
in considerable unbalancing and extreme voltage variation on 
the less loaded leg. This same criticism holds true of method З. 

5. Three- phase generation and primary distribution to trans- 
former — sub-stations connected — three-phase-two-phase, and 
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feeding secondary distribution in such manner that adjacent 
sub-stations feed like phases into а common trolley section. 
This method of connecting is capable of giving good results in 
operation, although occasional serious unbalancing may occur 
in the primary distribution with a disarrangement of schedule 
or improperly proportioned trolley sections. Each sub-station 
must contain two transformers for regular service, and possibly 
one spare; these, together with the necessary switchboard 
arrangement, increases the complexity and cost of such sub-sta- 
tions compared with the simpler arrangement possible with 
straight single-phase distribution. 

There are other methods of connection, such as independent 
transmission lines to several outlying sub-stations, thus giving 
the generating station operator the opportunity to balance the 
load on the several phases of the generators; but the methods 
outlined are those commonly proposed for single-phase secondary 
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distribution used in connection with three-phase generation and 
primary distribution. 


GENERAL CONCLUSIONS 


The matter of properly selecting generating apparatus for 
single-phase roads seems to be closely connected with questions 
of a commercial nature relating to a possible future load 
requiring a three-phase input. From a purely engineering 
standpoint, and considered from the point of view of the railway 
load only, the single-phase system of generation and dis- 
tribution is to be recommended. The possible installation of 
generators having a lower frequency than 25 cycles would help 
this decision, owing to the unfitness of such a low frequency for 
general power distribution work. 

Of the several methods of single-phase combinations proposed, 
the motor-generator set best protects the three-phase distribu- 


1046 ARMSTRONG: SINGLE-PHASE RAILWAYS [June 27 


tion system where power 1s purchased from foreign distributing 
systems, and such a method presents many advantages which 
may outweigh its increased first cost. Where the railway 
company finds it expedient to generate and distribute its own 
power from three-phase generators, the use of a single leg for 
the railway load (3) or the installation of three-phase-two-phase 
transformer sub-stations (5). Both seem to offer advantages 
justifying their recommendation, the choice between the two 
may perhaps be left to the needs of local requirements. 


A paper presented at the 24th Annual Conven- 
tson of the American Institute of Electrical En- 
gineers, Niagara Falls, М. Y., June 27, 1907. 
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THE CHOICE OF FREQUENCY FOR SINGLE-PHASE 
ALTERNATING-CURRENT RAILWAY MOTORS 


BY А. Н. ARMSTRONG 


Owing to the success attending the several installations of 
single-phase alternating-current railway motors in this country 
and abroad, and the suitability of this type of motive power 
for the electrification of certain steam lines, the questions have 
been asked as to whether the 25-cycle frequency thus far uni- 
versally used is the frequency best adapted for alternating-current 
motor design and operation, or whether the benefits obtained by the 
use of a lower frequency are sufficient to justify its introduction. 
This paper is intended to open a discussion on the relative 
merits of 25 cycles and a lower frequency, and will touch briefly 
upon the advantages and disadvantages of the present standard 
of 25 cycles and any proposed standard of a lower frequency. 

All the alternating-current railway motor installations thus far 
made in this country have employed a frequency of 25 cycles, 
and, with one exception, the service has consisted of the move- 
ment of single-car units at maximum speeds of approximately 
50 miles an hour at intervals of one-hour headway over a single- 
track line. That is, all alternating-current roads have been 
designed to take care of interurban passenger business with the 
incidental movement of express matter and miscellaneous freight. 

It has been found that the alternating-current single-phase 
commutator motor can be developed to a commercially successful 
stage at a frequency of 25 cycles; and although some benefits 
in respect to weight, efficiency, and commutation are to be 
obtained with the adoption of a lower frequency, the advantages 
do not as yet seem great enough to justify the standardiza- 
tion of a new frequency suitable to alternating-current com- 
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tor motor operation alone. Recognizing the enormous 
commercial advantage of offering an alternating-current railway 
motor which could operate from existing power plants, the 
manufacturers have perfected alternating-current equipments for 
interurban service for the standard frequency of 25 cycles already 
universally in use for this class of work. 

The introduction of a new frequency calling for the design 
and establishment of a complete new line of generating, trans- 
mitting, and receiving apparatus is a most serious mat- 
ter; it should not he undertaken without carefully con- 
sidering all the factors, both commercial and engineering, 
entering into the case. With the coming electrification of 
steam roads there is a demand for motors of increased capacitv, 
and the possible limitations of 25-cycle design in large alternating- 
current motors of certain types 1s more keenlv felt, hence the 
inquiry at this time into the question of the proper frequency to 
be adopted when the alternating-current motor is selected as 
the type of motive power for steam-road electrification. 

The various points to be considered may be classed under the 
following heads: 

1. The effect of frequency on design of motor equipment. 

2. The effect of frequency on coefficient of adhesion. 

3. The effect of frequency on generating and distributing 
systems. 

4. Commercial considerations. 

5. Locomotive design and selection of motive power. 

The effect of frequency on design of motor equipment. 
Taking the weight of a direct-current motor as 100 per cent., it 
is probable that the values in the following table hold approxi- 
mately true. 


COMPARATIVE WEIGHT OF DIRECT-CURRENT AND ALTERNATING- 
CURRENT MOTORS 


25-cvcle 15-cycle 
Direct Current alternating current| alternating current 
One-hourcapacity 100 150 130 
Continuous capacit y 100 125 120 


| 


These figures apply to motors designed to give in all cases the 
same output and heating at the same speeds, but with an ad- 
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mitted superiority in commutation in motors of direct- 
current commutating-pole design. While the weight of the 
15-cycle alternating-current motor is less than that of the 25- 
cycle motor, this will be partly offset by an increase of 30 per 
cent. in the weight of the step-down transformer on the car. 
Although the car transformer weighs but approximately 20 per 
cent. of the complete equipment, including control and motors, 
an increase of 30 per cent. in its weight will practically offset 
the reduction in motor weight when recourse 15 had to 15 cycles. 
Therefore, while there are other advantages in superior com- 
mutation, higher efficiency, etc., obtaining with the use of 15 
cycles, there is no material reduction in weight of the complete 
alternating-current motor and control equipment. 

Until recently the commutation of alternating-current motors 
has been considerably poorer than that of direct-current railway 
motors in use. Various expedients, such as high-resistance leads, 
lower frequency, etc., have been suggested to improve the 
commutation and reduce the losses and heating at the brushes. 
Recent improvements in alternating-current motor design 
have resulted in the production of an alternating-current single- 
phase motor which compares very favorably їп commutation 
with any of the standard direct-current railway motors now in 
operation, although inferior in this respect to the commutating- 
pole type of direct-current railway motor. In fact the com-" 
mutation of the alternating-current single-phase motor has been 
so improved and the commutator losses so reduced with a fre- 
quency^supply of 25 cycles as to make it unnecessary to adopt 
any of the above mentioned expedients in order to eliminate 
commutator troubles. 

Where it becomes necessary to design motors for the greatest 
output per cubic foot of space allowable, as in the case of very 
large motors designed for locomotives under the restrictions of 
4-ft. 8.5-in. gauge and reasonable wheel-base, it is possible that 
the adoption of a frequency lower than 25 cycles permits a greater 
latitude in design of alternating-current single-phase motors of 
certain types. 

2. The effect of frequency on coefficient of adhesion. The 
torque delivered to the driving-wheels by the alternating- 
current commutating motor is of a pulsating character, and its 
effective value is somewhat less than the uniform torque 
imparted by the direct-current motor. Experiments show 
that the effective torque is a function of the frequency of motor 
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supply, and also depends upon the construction of the truck 
and the method of motor suspension. The values given in Fig. 1, 
express the relation between tractive effort and frequency for 
periods from 25 cycles down to zero; that 1s, direct current. 
The values givem will hold true only with the combination of 
truck springs, motor suspension, etc., in the test, and the use of 
stiffer or lighter springs, more rigid or flexibly suspended motor, 
the use of springs between gear and axle, etc., might give re- 


COEFFICIENT OF ADHESION FOR 
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sults differing considerably in degree from those submitted here- 
with. 

The three curves given represent normal motor suspension, 
additional spring. suspension. under the motor nose, and with 
springs removed, giving practically rigid suspension except for 
the spring of the armature shaft, gear teeth, etc. While the 
tests are incomplete, they indicate a slight reduction in the 
соећсіепі of adhesion with lower frequency; but so far as can 
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be determined this reduction is not a serious matter in the 
consideration of 25 cycles or a lower frequency, say 15 cycles. 

With normal motor suspension, the coefficient of adhesion as 
obtained with 25 cycles alternating-current was 82.5 per cent. 
of the value obtained under the same conditions with the same 
motor supplied with direct current. 

3. The effect of frequency on generating and distributing 
apparatus. The question of generator design at 15 cycles is a 
serious one and presents many difficulties which can only be 
partly overcome at an increased cost of the apparatus perfected 
for 25 cycles. In fact, while certain capacities of low-frequency 
turbo-generator units may be constructed fairly comparable with 
25-cycle units, it 15 probable that the adoption of 15 cycles 
or less would seriously handicap the standardization of a com- 
plete line of such units; in any case it will increase the cost of 
those units which it is possible to construct. The steam turbine 
has shown itself a most excellent prime mover, and the adoption 
of 15 cycles 1s seriously handicapped by the difficulties opposing 
the successful construction for this frequency of a complete line 
of generator units of all sizes. 

Both step-up and step-down transformers are handicapped 
at 15 cycles by an approximate increase in cost of 30 per cent. 
over that of 25-cycle design. This applies to step-up and step- 
down transformers used throughout the low-frequency system. 

4. Commercial considerations. Perhaps the benefits of stand- 
ardization to both the customer and the manufacturer have 
not been appreciated to any greater extent than in the electric 
railroad industry. The universal adoption of 25-cycle three- 
phase supply feeding into the distributing system of railway 
networks constituted so strong a claim in favor of adopting 
this frequency when developing the alternating-current railway 
motor as to outweigh certain known benefits to be obtained with 
a lower frequency supply. The great field for alternating-current 
motors of 150-h.p. capacity and less is on interurban lines 
acting as feeders to the surface, elevated, and subway lines 
of large cities. The ability of such motors to run from the 
same alternating-current generating and distributing svstems 
without requiring the introduction of frequency-changer sets 
constitutes a strong argument in favor of continuing the present 
practice of installing 25 cycles on such lines. 

The tvpe of apparatus adopted for new installations must 
necessarily be largely dependent upon the apparatus already 
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installed for similar purposes in its neighborhood; it is a 
question, then, when considering the electrification of steam 
roads in and about large cities, whether engineers can afford to 
neglect this principle and cut loose from standards already es- 
tablished and universally used. Furthermore, steam railroad 
electrification often commences in station and signal lighting and 
car shops, and 25 cycles is already largely in use for such work. 
Small motors and transformers are much higher in price at 15 
cycles; there is no line developed; and station and car light- 
ing is most unsatisfactory at this frequency. 

5. Locomotive design and selection of motive power. One of 
the principle arguments in favor of the electric locomotive is 
that it permits the concentration of a very large amount of power 
on the driving-wheels. In this respect the electric locomotive 
equipped with alternating-current series compensated motors 
does not compare favorably with other tvpes of motors of both 
alternating-current and direct-current design. Furthermore, 
the successful exploitation of these other tvpes of motive power 
does not demand the adoption of a frequency less than 25 cvcles, 
and hence it is pertinent to inquire if, with our present knowledge 
of the art, the alternating-current single-phase motor of the series 
compensated type possesses qualifications. which make it so 
superior to other types of electric motors as to justifv the intro- 
duction of an odd frequency of benefit only to that one tv pe of 
motive power. The writer feels much gratified at the success 
attending the development and operation of the various alter- 
nating-current roads already completed, but it should be pointed 
out that this success has been attained with a frequency of 25 
cycles. 

Admitting the coming of steam-road electrification, we have 
not had any demonstration or even convincing figures sub- 
mitted which would prove beyond doubt the desirability of adopt- 
ing 15 cycles and the alternating-current series compensated mo- 
tor to the exclusion of direct-current motors of all tvpes and 
voltages, three-phase induction motors, or even single-phase 
alternating-current motors of other tvpes which can be 
built in large capacities at 25 cycles. In. the. opinion 
of the writer it becomes, not the choice of the best fre- 
quency for the alternating-current series compensated type 
of motor, but a question of the proper selection of motive 
power for the exacting demands of locomotive construction de- 
signed for hauling trains of any weight at both high and low 
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speeds over roadbeds of any gradient. The question of fre- 
quency might well be left in abeyance until the coming of fuller 
knowledge of the operation of electric locomotives equipped 
with motors of different types. Considered from the engineering 
standpoint of alternating-current series compensated motor 
design alone, the use of 15 cycles offers advantages in the better- 
ment of commutation, efficiency, and output per pound of 
motor which may justify its adoption, provided that tvpe of 
motive power it best suited to the needs of the problem in hand. 
Taking into account, however, the commercial interests involved, 
and considering the serious claims that may be advanced in 
favor of other tvpes of electric motors for which a frequency of 
25 cycles is well suited, it appears to the writer that much 
stronger claims for recognition must be brought forth before the 
adoption of 15 cycles can be seriously considered. 
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TWENTY-FIVE VERSUS 15 CYCLES FOR HEAVY RAIL- 
WAYS 


BY N. W. STORER 


At the regular meeting of the Institute, on January 25 of this 
year, a paper was presented by Messrs. Stillwell and Putnam 
dealing with the electrification of steam railways and rcferring 
briefly to the question of the adoption of a standard fre- 
quency for single-phase railwavs. This question aroused a 
great deal of interest and was discussed at greater length than 
any other feature of the paper. The authors, while enumerat- 
ing the advantages of both 25 and 15 cycles, drew the con- 
clusion that the advantages were greatest on the side of the 
lower frequency, and this opinion was concurred in by most 
of those who discussed the matter. Many good points were 
brought out, but all were more or less general; and while it is 
obviously impossible for the Institute to standardize at this 
time a frequency for railways using alternating current, a free 
and full discussion of the matter can hardlv fail to produce 
good results and to furnish more definite information than 
was available at the time the paper was presented. The argu- 
ments in favor of 25 cycles may be reduced to the following: 

1. It is a standard frequency which is in use in a great many 
plants throughout the country. 

2. It is probably better suited for general power distribution 
and is certainly better for lighting than 15 cycles; therefore any 
railroad having a 15-cycle plant for operating its road would 
be somewhat handicapped in power for lighting and shop pur- 
poses. 

3. The higher frequency 15 better suited for speeds of steam 
turbines of small size, it being at present uneconomical to build 
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turbo-generators for less than 2000 kw. at 900 rev. per min., 
which 15 the maximum available for 15 cycles. 

4. Transformers are lighter and cheaper for 25 cycles. 

The principal arguments in favor of 15 cycles are: 

1. An increase of from 30 to 40 per cent. in the output of 
a motor of a given size and a consequent reduction in the total 
number of motors required to operate a railway, and in the cost 
of equipment. 

2. Better performance of the 15-cycle motors, including higher 
efficiency, higher power-factor and better commutation. 

3. Less dead weight to be carried on cars and locomotives. 

4. Lower line losses. | 

The first argument in favor of 25 cycles; namely, that it is 
a standard frequency in use in a great many plants of the 
country, is certainly a good one. It is undoubtedly a very 
serious matter to consider the introduction of a new frequency 
for any purpose whatsoever. There are, as is well known, a 
number of frequencies in use at the present time for which there 
is no justification except that they are in use, and there is no 
class of service of which we know that cannot be handled with 
equal efficiency by one of the standard frequencies, with the 
exception of the alternating-current railway systems. Railway 
electrification, if developed as every electrical engineer hopes 
it will be, will mean an undertaking of such magnitude as to 
make it practically independent of other electrical interests. 
so that if a frequency differing from the standards now in use 
will be advantageous it should be adopted. 

The second argument in favor of 25 cycles; namely, that it 
is better suited for power and lighting purposes than 15 cycles, 
тау be granted without aclmitting that it is a particularly valu- 
able point. Satisfactory lighting can be obtained with 15 
eveles by using a low-voltage lamp having a large filament 
with high thermal capacity. This will be entirely suitable 
for ordinary railway lighting. While not having’ as wide 
a range of speed as is possible with 25 cycles, 15-cycle in- 
duction motors can undoubtedly be used to accommodate 
practically any class of service required of them. The fact 
that the single-phase commutating motor is more satisfactory 
on the low frequency may make the low frequency even more 
satisfactory for shop purposes than the high frequency. In 
the discussion of the Stillwell-Putnam paper one speaker called 
attention to the fact that railway companies would probably 
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sell a large amount of power along their right-of-way to con- 
sumers for various purposes, and stated that 15-cycle current 
would be unsuitable for such service. In reply to this it is 
only necessary to call attention to the fact that the voltage 
on any railway circuit is so variable as to make it absolutely 
unsuitable for lighting purposes, and it would therefore be neces- 
sary to introduce a motor-generator set in order to get good 
results. "This might just as easily be made a frequency-changer 
to supply current at either 25 or 60 cycles, as might seem best 
for that particular locality. While this unquestionably destroys 
some of the simplicity of the scheme, it is undoubtedly what 
would be necessary in order to give satisfactory service, even 
if 25 cycles were in use on the railway, unless a separate gener- 
ator were used for the lighting circuits. It seems therefore that 
the 15-cycle current would be little or no handicap to the rail- 
way company in this respect. 

The third argument; namely, that the higher frequency is 
better suited for speeds of steam turbines 1s undoubtedly true, 
but it affects a very small proportion of the work. Heavy 
railroads will require in practically all cases larger generators 
than 2000-kw. units. In cases where they do not, high-speed 
turbines can be used and frequency-changers employed. At 
the same time we must admit that the last word in regard to 
steam-turbine design has not yet been spoken, and it may 
shortly be an easy matter to make comparatively small units 
for use with 15-cycle generators. 

The fourth argument, that transformers are lighter and 
cheaper for 25 than for 15 cycles is undoubtedlv true. There 
will be a difference of probably 25 per cent. in the cost of the 
transformers for any given service. This difference must be 
offset bv the difference in the cost of the motors. 

The meat of the entire argument for the lower frequency 15 
in the greater output of the motors for a given size and weight. 
It was well shown in the Stillwell and Putnam paper that the 
cost of car equipments and locomotives would far overbalance 
the cost of power houses and transformer stations; and while 
I do not wish at this time to give a mass of estimates as to the 
saving, I will adhere to the statement previously made that the 
output from a motor of a certain size will be increased from 
30 to 40 per cent. by the use of 15 instead of 25 cycles. This 
has been proved by tests on several different motors. 

А well known 100-h.p., 25-cycle motor operates with full 
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load at a speed of 620 rev. per min., and in the regular 
onc-hour test on the stand has a temperature rise of 89? cent. 
in commutator and 75° cent. in armature, other parts of the 
motor being well below 75? cent. Operated at the same speed 
on 15 cycles, this motor carried a load of 113 h.p. with a maxi- 
mum temperature rise in commutator of 76.5? cent. and in 
armature of 72.5? cent. It is safe to say it is good for 115 h.p. 
with the limiting. temperature of 75? cent. in armature. This 
same motor with a larger number of turns on the field and 
run on 15 cycles carried at the same speed of 620 rev. per min. 
a load of 135 h.p. with a temperature rise in commutator 
of 76? cent., in armature of 75? cent., and in field-coils of 76.5? 
cent. It is quite safe to rate this motor at 135 h.p. on 15 cycles. 

А larger motor carried a load of 255 h.p. with а temperature 
rise of 71? cent. in commutator and 76° cent. in armature. 
other temperatures being well below 75? cent. This motor, 
operated at the same speed under identical conditions on 15 
cvcles with a load of 300 h.p., rose 73? cent. in commutator 
and 81° cent. in the armature. With new field-coils having 
more turns, the motor will carry at least 325 h.p. and probably 
340 h.p. with a rise in temperature not exceeding 75° cent. 

While these results are all based on the one-hour test, the 
continuous capacities will have the same increase on 15 cycles. 
The inference to be drawn from these results 15, of course, that 
the temperature rise being the same for both frequencies, the 
losses must be approximately the same; and since the output 15 
greater on 15 cycles, the efficiency must therefore be much higher. 
Further, the tests are all based on 25-cycle motors modified 
only in field-coils. If the motors are designed especially for 
the low frequency, the results will be still better. 

À comparison of the weights of car equipments for 25 and 
15 cycles indicates that there will be an advatnage in favor 
of the lower frequency, even with the same number of motors. 
For instance, a four-motor equipment of 100-h.p., 25-cycle mo- 
tors, with oil-insulated transformer, will weigh approximately 
30,000 Ib. Such an equipment for 15 cycles would weigh ap- 
proximately 28,500 Ib. The difference 15 small, but it is in favor 
of the lower frequency. If two 15-cycle motors of 200 h.p. each, 
such as are now building, be furnished, the weight of equipment 
will be reduced to approximately 23,000 Ib., or a reduction of 23 
per cent. іп the weight of the car equipment. While it is perfectly 
practicable to furnish two motors for a 400-h.p. equipment for 
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operation on 15 cycles, it will be necessary to furnish three or 
four motors for 25 cycles on account of the great increase in the 
size of the motor. It is therefore absolutely necessary that 
the 25-cycle equipment weigh considerably more than that 
for 15 cycles. In the case of smaller motors aggregating 280 h.p. 
it is possible to furnish a two-motor equipment operating on 
25 cycles. There would, however, be a difference in weight 
of at least 1500-Ib. in each motor in favor of the 15-cycle equip- 
ment of the same capacity. This would offset the increased 
weight of the 15-cycle transformers by at least 1000 Ib. In 
every case, therefore, even where the same number of motors 
are in use for both frequencies, the 15-cycle equipment will be 
lighter. On account of the smaller motors the motor trucks 
will also be lighter, the amount of saving here depending upon 
the size of the motor. 

The greatest gain from the use of 15 cycles is to be found in 
heavy railroading where locomotives are used. Іп building 
locomotives it is desirable, on account of the weight, cost, and 
maintenance charge, to concentrate the power in as few motors as 
possible consistent with weight on the drivers and the tractive 
effort desired. We have found that in virtually all cases 
the weight of useful apparatus on the drivers, even with 15 
cvcles, is sufficient to give the necessary adhesion without add- 
ing dead weight; therefore the use of 15 cycles means that in 
practically all cases for the locomotive a smaller number of 
motors can be used than 15 possible with 25 cycles. It 1s fre- 
quently the case that three motors which are sufficient with a 
certain size of driver for 15 cycles would have to be replaced 
by four motors having the same dimensions. It would some- 
times happen that three motors necessary for 25 cycles could 
be replaced by two of the same dimensions for 15 cycles. In 
the case of locomotives of very high-speed the extra weight en- 
tailed by the use of higher frequency motors, and consequently 
heavier mechanical parts, would increase the weight of the train 
to such an extent as to call for a considerably larger output 
from the motors, simply to haul the extra weight. Such a case 
we have in mind in a high-speed passenger locomotive that 
has recently been built. | 

This locomotive is designed to haul a 400-ton train 
both on heavy grades and at high speeds on a level track. 
The locomotive as built for 15 cycles weighs approxi- 
mately 140 tons, and has four motors each with a nominal 
rating of 500 h.p. With a 400-ton train behind it, this loco- 
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motive would thus have to handle a total of 540 tons. A 25- 
cycle locomotive built to handle a 400-ton train at the same 
speeds and on the same grades would require six motors of 
approximately the same dimensions, and these extra motors 
together with the extra weight of mechanical parts would bring 
the total weight of the locomotive up to approximately 185 
tons. The total weight of train would thus be 585 tons, or an 
increase of about 8 per cent. The capacity of these motors 
would be in the neighborhood of 375 h.p., which would be just 
about sufficient to handle the extra weight. It must be seen 
at once that the motors for this locomotive would cost 50 per 
cent. more and the mechanical parts also considerably more. 
The only parts of the equipment which would cost less would be 
the transformer and preventive coils, and the control equipment 
would be enough more expensive to counterbalance this. 

In this connection it may be of interest to give a brief de- 
scription of the locomotive as built. It is of the articulated 
type. each half of which has two pairs of drivers and a four- 
wheel truck similar to the standard American type of steam 
locomotive, the two halves being coupled back to back. The 
drivers are 72 in. in diameter with 7 ft. 6 in. between centers 
of axles. On each axle 1s mounted a gearless motor having a 
nominal rating of 500 h.p. and a continuous capacity with 
forced ventilation of about 375 h.p. The motors, weighing 
approximately 19,500 1b., are spring-supported, mounted, and 
connected to the drivers in exactly the same wav as the 
motors on the single-phase locomotive for the New York, New 
Haven & Hartford Railroad. This feature has been described 
so many times that it is unnecessary to repeat it. The frame 
of the locomotive is of the standard steam-locomotive type 
placed outside of the wheels. It is of cast steel connected at 
the front and rear and at three places between the ends by 
heavy cast-steel girders. The truck, which is of the standard 
steam-locomotive pattern, has 36-in. wheels, with a wheel-base 
of 6 ft. 2 1n. 

The electrical and other equipment in the cab is mounted 
on a raised platform which is about 2 ft. above the floor-line 
and occupies the middle of the cab, allowing for а passageway 
on either side. There are numerous windows along the sides 
of the cab which afford excellent light for the inspection of the 
apparatus. The equipment is extremely simple and accessible. 
The main transformer, which is designed for 11,000 volts, is 
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mounted above the truck, with the top just below the platform 
in the cab. Directly above the transformer is located the 
electropneumatic switch-group to which the various taps in the 
transformer are carried. Back of the switch-group are the 
preventive coils used in passing from step to step on the trans- 
former, and from these preventive coils runs a single lead to 
the reverser switch-group, which is placed directlv above the 
main motors. On this raised platform are also placed the 
motor-driven air-compressor, the motor-driven blower for fur- 
nishing air for ventilation of the motors and transformer, and 
the air reservoirs. Suspended from the structural work between 
the platform and the Z-bars in the roof of the cab are the oil 
circuit-breaker in the high-tension circuit leading to the trans- 
former, the small switches used in connection with the auxiliary 
motors, and the 20-volt battery which is used for operating the 
valve-magnets in the controller. The high-tension current 15 
collected from the overhead wire by the standard type of panta- 
graph trolley. On account of the large drivers and the com- 
paratively high position of the apparatus in the cab, the 
center of gravity of the locomotive is higher than 1s usual in 
electric locomotives. The riding qualities of the locomotive 
are exceptionally good. The weight of the locomotive, as stated, 
is 140 tons, there being 50,000 Ib. on each driving axle and 
40,000 Ib. on each truck. 

In the case of geared locomotives for heavy freight service, 
there is still the advantage in favor of 15 cycles. Where the 
same number of motors is used for both frequencies, it will be 
necessary to use larger wheels for the 25-cycle locomotive. 
Low-speed locomotives are especially at a disadvantage with 25 
cycles. It is possible to make a geared motor with a capacity 
of 400 to 450 h.p. for slow-speed freight service with 15 cycles, 
while with 25 cycles a 300-h.p. motor is as powerful as it is prac- 
tical to use. This means that in the freight service there is 
virtually the same condition as in passenger service; namely, 
that about one-third more motors will be required to perform 
the service. The locomotive will weigh from 10 to 35 per cent. 
more. 

Ап examination of the efficiency curves for 15-cycle motors 
compared with those for 25 cycles will show differences in the 
losses in the motors alone which will mean a considerable 
difference in the capacity of the power station. This, when added 
to the power required to haul the extra weight, and the 
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increased line-loss due to the higher frequency, will make a 
diffcrence of from 5 to 15 per cent. in favor of the 15-cvcle equip- 
ment. Without giving estimates or long tabulated state- 
ments, I leave it to the judgment of the members of the Insti- 
tute to decide whether it is not advisable, with these facts 
in mind, to recommend a new frequency. 

It is well known that when the advent of the first successful 
single-phase railway motor was announced by Benj. G. Lamme 
in his historic paper before the Institute in 1902 the frequency 
which he advocated was 2000 alternations per minute, or 16% 
cycles per second. It was believed at that time that this fre- 
quency was best suited to meet the many requirements of 
power plants for railway apparatus. However, owing to the 
experimental nature of the undertaking, 1t was deemed ad- 
visable to use the standard frequency of 25 cycles 
until the commercial success of ihe system was assured. At 
the same time it was realized that the practical difficulties to 
be overcome in the single-phase system would be much greater 
with the higher frequency. Moreover, in the first equipments 
sold the motors were of comparatively small size, so that the 
space occupied by them was not limited. Furthermore, the 
number of motors in an equipment was fixed by conditions other 
than dimensions and weight, four-motor equipments being se- 
lected in nearly every case, partlv on account of the prevailing 
fad for four-motor equipments and partly because most of the 
equipments were built for operation on both alternating current 
and direct current. At any rate, aside from the greater dithcul- 
ties met with in the design of the high-frequency motor in order 
to get good performance, the question of frequency was of 
comparatively small importance. Since that time some 15 or 
20 roads have been put in commercial operation with 
single-phase current at 25 cvceles. It has been proved beyond 
doubt that the single-phase motor is a thoroughly practical and 
commercial machine. At the same timc, as was anticipated, 
all our experience goes to show the advantage to be gained 
by the use of a lower frequency. This frequency need not 
be fixed at exactly 15 or 163 cycles. As far as the motor opera- 
tion is concerned, a variation of one or two cycles either way 
will have comparatively little effect; but we believe, for the sake of 
using proper ratios between this and existing frequencies, that 15 
сусТеѕ, Which is one-fourth of the standard 60-cycle frequency, or 
103 cycles, which is two-thirds of thestandard 25-cycle frequency, 
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should be adopted for use, especially on heavy railroads. While 
this will undoubtedly make it necessary for the manufacturing 
companies to keep a larger variety of apparatus in stock (as 
there is no doubt that 25-cycle railways will be operated for a 
long time to come) the advantage to be gained from the lower 
frequency in the wider use of apparatus will far outweigh any 
slight disadvantage of this kind. 

The mistake made by the blacksmith when he made the 
template which fixed the gauge of the standard railways at 
4 ft. 8.5 in. isa matter of tradition. It is recognized as being one 
of the most far-reaching mistakes ever made, inasmuch as it 
has ever since placed a limit on the capacity of the railroads 
of our country, both by limiting the capacity of steam loco- 
motives and the size of cars, and last but not least, the capacity 
of electric railway motors and locomotives. What an enor- 
mous benefit would be gained from even a paltry increase from 
4 ft. 8.5 in. to 5ft. What powerful machines could be built 
for a gaugeof 6ft.! But the mistake has been made, and it will 
cost so much to rectify it, that the boldest of our railway mag- 
nates is staggered by the suggestion. 

Electrical engineers have an enormous responsibility in decid- 
ing upon matters of detail, such as frequency, which will have an 
effect that will far outlast anyone who has a voice in the matcer; 
and it certainly behooves us as engineers to consider carefully 
before recommending the continuance of the present standard 
frequency of 25 cycles, where it imposes such a handicap on the 
capacity of our transportation systems. 
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THE ATTITUDE OF THE TECHNICAL SCHOOL TOWARD 
THE PROFESSION OF ELECTRICAL ENGINEERING. 


BY HENRY H. NORRIS 


Introductory. The technical school is primarily an educational 
institution. The purpose is not to teach trades of any order, 
nor is it directly to produce business or professional men. The 
technical school sustains a vital relation to the profession of 
electrical engineering, and it cannot succeed without an under- 
standing of that relation. On the other hand, the profession 
cannot use technical graduates efficiently without a knowledge 
of the purpose underlying their training. That both school 
and profession are coming to understand their relation is made 
evident by manv signs. Among these may be mentioned the 
development of graduate-apprentice courses by manufacturing 
and operating companies, the reduction of manual training 
and the increase of scientific training in the schools, the 
formation of employment committees by both companies and 
schools, and the cordial relations existing between  practi- 
tioners and teachers. From the first the technical school has 
stood for the encouragement of useful studies with a scientific 
foundation. At first undoubtedly too much emphasis was 
laid upon the practical features of the curriculum, and the 
attempt was made to do in the laboratory what can only be 
done in the factory. This and other faults are being cor- 
rected by the study of industrial conditions, and the work of 
the school is being increasingly appreciated by the profession 
generally. 

The purpose of the present paper is to examine the methods 
of instruction in technical schools in order to ascertain how the 
requirements are being met,and to note the progress made and 
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the prospects for improvement. Instructors in engineering 
realize that they are engaged in a most important business, 
that of preparing men for practical usefulness. In any in- 
dustrial undertaking men are more necessary than money or 
machines, therefore the technical school works upon the most 
important element in commercial success. In many ways such 
a school is like a manufacturing establishment. It secures 
its raw material from the preparatory schools in the form of 
boys with crude ideas of practical life, with little conception of 
the purpose of a technical education, and with a fair preparation 
in several lines of study. During four years it endeavors by 
means of separate and assembling processes to produce men 
who can “ do things.” Thus the finished product of the technical 
school forms a most important part of the raw material of 
manufacture, construction, operation, and commerce. 

Resumé of 1903 convention. papers on education. At the 
Niagara Falls Convention of the Institute held in 1903 a profitable 
session. was devoted to the discussion. of technical education. 
Messrs. White, Gherardi, Osborne, and Jackson presented papers 
dealing with various aspects of the subject. The consensus of 
opinion expressed in these papers 1s that the personality of the 
technical graduate is of more importance than any information 
which he may have acquired. Professor. Jackson emphasized 
that the function of a technical school is to produce a capacity 
on the part of the students for becoming engineers. It 1s the 
dutv of a college to learn how to do this, the inference being 
that the teaching of special subjects is а means rather than an 
end. Professor Jackson's synopsis of the ideal engineer states 
that he is one who is competent to conceive, organize, and 
direct extended industrial. enterprises. Mr. White selected a 
number of elements of a young man's personality which are im- 
portant in business, and he summarized the results of a successful 
education as: (a), the satisfaction which results from possession ; 
(Р), the ability to enjoy good society; (c), the practical use which 
may be made of the training; (d), the ability properly to know 
any subject; and (c), the higher rank which will be taken as а 
result of this training. The employer inquires as to the 
business judgment, the mental capacity, апа other similar 
characteristics of an applicant for a position. Mr. Gherardi 
separated the natural abilitv of a student from his school training. 
Hle does not believe that the training of a telephone engineer 
should be especially different from that of other electrical engi- 
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neers, the training of any engineer properly consisting of such 
studies as will convince him of the necessity of getting facts, 
teaching him the best method of doing so. Further, these 
studies should train in the interpretation of engineering data and 
in reasoning from them. Mr. Osborne dwelt particularly upon 
the function of shop work in a technical training and pointed out 
that the training, as then conducted, tended to emphasize the 
importance of business rather than manufacturing. He argued 
for a knowledge of accounting, contracts, and other matters of 
direct importance in engineering. 

Magnetic analogy of technical training. The effect of a 
technical training on a student may be considered as analogous 
to that of a magnetomotive force upon a piece of steel. The 
latter possesses the ability to be magnetized on account of the 
inherent magnetism of its molecules. Before being subjected 
to the influence of a directive magnetomotive force, these 
molecules are grouped in such a way that no external effect 15 
produced. When brought into a magnetic field the molecular 
magnets tend to arrange themselves in the direction. of the 
applied force. The steel then becomes a magnet ready for any 
one of a number of practical uses. The external magnetomotive 
force has put nothing into the steel, but has merely supplied 
the incentive necessary to render available its inherent quali- 
ties. In a similar manner the young men entering technical 
schools possess certain elements and qualities of personality. 
The young men differ even more than do various samples of stecl. 
The studies and the personality of the teachers supply what is 
needed to bring out and develop the natural aptitude of the 
students, and they can do no more. The student gets little that 
is new from his college course, and. if the attempt 15 made to 
impart more information to him than is necessary to stimulate 
him to his best endeavors, his training will be to that extent a 
failure. Excess training produces saturation in the mind as does 
excess magnetomotive force in magnetic material. Like 
most analogies this one cannot be pushed too far. It em- 
phasizes the fact, however, that the efficient training will be 
the one which aims most carefully at the development of 
the students’ intrinsic qualities. 

Problems of technical instruction. The difficulties encountered 
in technical education are not met in the delivery of certain 
courses. They result from the attempt so to coórdinate these 
courses as to develop accuracy, quickness of perception, common 
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sense, and such qualities. Leading engineers who are employers 
of technical graduates place greater value upon the personal 
qualities of the young men than upon their mere ability to 
produce designs and superintend construction. They expect 
the schools to turn out men of character as well as attainments. 
To meet these demands successfully requires attention to the 
following items: (1), the attraction and retention of desirable 
students and the exclusion of those not qualified for technical 
work; (2), the selection of such studies as will stimulate and 
direct mental activity; (3), the conducting of all courses in such 
ways as will tend to bring out the desirable personal qualities 
in the students; and (4), the recommendation to the students of 
those lines of engineering practice for which they are best suited. 

Not a little of the success of all schools depends upon the 
qualitv of men who enter and upon the requirement of severe 
and continuous application. The results of the training depend 
very largely upon the personality of the student before he enters 
the institution. They are atfected also by influences not 
directly resulting from study; for example, athletics and social 
activities. The direct mental effect of the studies is, therefore, 
not the only result, and possibly not the most important result 
of the training. 

TECHNICAL SCHOOLS. 

Historical. notes—general. Technical education in this coun- 
try may be said to have begun with the founding of the United 
States Military Academy in 1802, although no technical courses, 
in the modern sense, were given there. After its reorganization 
in 1817, an excellent system of mathematical and scientific in- 
struction was given, forming a basis for practical army work. 
The first technical. school; Renssaler Polytechnic Institute, 
began instruction in 1825. A course in civil engineering was 
gradually established to meet the demand of that time. The 
object of this school was to teach the application of science to 
industry, especially to agriculture, domestic economy, the arts, 
and manufacture. Itis evident that the desire of the founder was 
to elevate the practical arts by a study of the principles under- 
Iving them. In. 1845 the United States Naval Academy was 
founded, and another institution was added to the short list of 
those in which scientific and mathematical instruction was given 
with a practical end in view. The far-reaching effect of this 
discipline was noticeable in the early development of electrical 
engineering by the number of Annapolis and West Point men 
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who were attracted to it. This occurred when the technical 
courses in electrical engineering were in the formative period. 
The demand of the time was for soundly trained and practical 
men, and these soon learned enough of electrical applications to 
enable them to take leading positions. Among these may be 
mentioned F. J. Sprague, (Annapolis, 1878), Louis Duncan, 
(Annapolis, 1880), W. D. Weaver, (Annapolis, 1880), S. Dana 
Greene, (Annapolis, 1883), and O. T. Crosby, (West Point, 1882). 

As the demand for scientific and practical instruction in- 
creased, schools were established in connection with universities 
and upon private fowndations, but it was not until after the 
passage of the Morrill Act of 1862 that a great impetus was given 
to them. The object of this act was particularly to encourage 
scientific and technical instruction. The results have been far 
reaching. Previously estabhshed schools were strengthened and 
many new ones were established, each having for its object the 
{таїтїп of young people in practical arts. These schools are 
accomplishing and have accomplished a great work because their 
instruction has a definite end in view, that of producing in- 
dependent, useful, and intelligent citizens. 

The practical development of the telephone, the generator, 
the motor, and the electric hght between 1870 and 1880 created 
a demand for technical instruction in electricity. Ву this 
time there were at least twenty-five institutions giving practical 
and scientific work, some like the Worcester Polytechnic In- 
stitute giving especial prominence to shop work, others combining 
the practical and scientific. The best example of the latter 
class was the Massachusetts Institute of Technology. In 1871 
the Stevens Institute of Technology was organized and at once 
took a leading place through the prominence given by it to 
experimental engineering. A third class of schools was more 
purely scientific, being afħliated with the older classical colleges 
such as Yale, Harvard, Dartmouth, and Union. АП of these 
schools became interested in the applications of electricity and 
the beginnings of electrical engineering study were made about 
1880. The technical instruction in electricity lagged only a few 
years behind the industrial beginnings. 

Historical motes—Sibley College. Among the land-grant 
colleges one of the most radical and least trammelled bv tradition 
was that of New York State. Founded in spite of the opposition 
of every college in the state except Columbia, Cornell University 
was always ready to undertake anything that appeared promising. 
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The mechanic arts formed an important part of the curriculum 
from the start in the fall of 1868. In 1870 the Honorable Hiram 
Sibley of Rochester, N. Y., provided means for erecting a suitable 
building for the department and for purchasing the necessary 
equipment. The first degree of bachelor of mechanical engi- 
neering was conferred in 1873. The work in mechanic arts 
was administered by the late Professor John L. Morris from the 
beginning until his retirement in 1904. When early тп the seven- 
ties William A. Anthony, then professor of physics, began experi- 
menting with the “dynamo”, the arc-hght, and other novelties 
he received encouragement from President Andrew D. White. 
Professor Anthony, assisted by Professor G. S. Moler, designed 
and built in 1875 a Gramme machine and instruments for experi- 
menting with it. Still earlier he had a telegraph line about the 
campus; this was transformed into a telephone line as soon as 
the telephone appeared. An arc-light system with underground 
cable was also operated. <All of these electrical applications 
impelled him to give instruction in physics with special reference 
to electricity. In the spring of 18823, while visiting the physical 
laboratory, President White was impressed with the interest in 
electrical matters manifested by the students. From his 
association with Ezra Cornell he was familiar with the develop- 
ment of the telegraph and he had also noted the work done with 
the electric motor in Germany. Among the experiences 
Which he remembered with pleasure were the rides taken in 1579 
upon the Siemens train at the Berlin Exposition of that vear 
and upon the Lichterfelde road. Пе was also pleased with the 
Jablochkoff candle in Parts. While. talking with Professor 
Anthony about the rapidly developing art, he suggested. that 
there might be occasion for a new course of study, that of elec- 
trical engineering. Professor Anthony agreeing with this sugges- 
tion, immediately prepared a plan for a course and presented it 
to the trustees on March 22, 1883. The trustees referred the 
matter to the faculty and on March 26 authorized the announce- 
ment of a course in electrical engineering. *. The announcement 
was made and several students were attracted by it. The register 
for the following vear states: 

The rapid development of the application of electricity has created a 
demand for thoroughly trained engineers conversant with = electrical 


* An electrical course had been begun during the previous vear at the 
Massachusetts Institute, but President White had not heard of it, nor had 
he received any applications for electrical instruction. 


1907] NORRIS: THE TECHNICAL SCHOOL 1071 


science, especially by companies carrying on telegraphy, electricallighting, 
electrical supply and transmission of power, electroplating or the manu- 
facture of electrical machinery and apparatus. Recognizing this demand, 
at the beginning of the past academic year the trustees of Cornell Uni- 
versity began to receive students desiring to fit themselves to enter this 
new and constantly extending field. While the general studies of the 
new course are mainly those of the departments of Civil Engineering and 
Mechanical Engineering, the special studies of the course embrace the 
theory of electricity, the construction and testing of telegraph lines, 
cables, and instruments, and of dynamo-machines, and the methods of 
electrical measurements, electrical lighting, and the electrical transmission 
of power. 


The electrical course proved popular and developed rapidly. 
Upon the transfer of the late Robert H. Thurston from Stevens 
Institute {о the directorship of Sibley College in 1885, the electrical 
course was transferred to Sibley College and became a division 
of the mechanical engineering course, as itis to-day. The change 
was based upon the necessity for a thorough foundation of 
mechanics in the study of electrical engineering. As the major 
part of the work was given in Sibley College it was natural 
that the students should come under the jurisdiction of that 
faculty. The test of time has amply demonstrated the wisdom 
of this arrangement. 

Present curriculum at Sibley College. The present curriculum 
of Sibley College is the result of a continuous attempt to give a 
practical education upon a scientific foundation. At first 
much attention was devoted to manual training, but this has given 
way to the principles of manufacturing. Experimental engi- 
neering has had an increasingly large place. The “backbone” of 
the course in mechanical engineering is mechanics, theoretical 
and applied. Analytical geometry and the calculus in the first 
year lead to the mechanics of engineering in the second. The 
physics and chemistry of the first and second years givea scien- 
tific basis for their practical applications. The descriptive 
geometry of the first year prepares the way for mechanical 
drawing. Inthesecond year this takes the form of elementary 
machine design and kinematics, followed by the more advanced 
machine design in the third year. A limited amount of shop 
work is given in the first, second, and third years with ac- 
companying lectures on shop administration and kindred topics. 
Engineering work begins in the third year with the principles 
and practical applications of steam and electrical machinery. 
Experimental work in the electrical and mechanical laboratories 
continues throughout the third and fourth years. During the 
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first three years the instruction in mechanical and electrical 
engineering is identical, Considerable specialization is allowed 
during the fourth year, the student taking, as a division of general 
mechanical engineering, electrical, railway, marine or power 
engineering, machine design, or naval architecture. 

Electrical engineering is taught as an application of me- 
chanics, the only difference from other branches of mechanical 
engineering being in the source of the forces and the methods of 
transferring and transforming energy. The alternating current 
is studied from the start upon the ground that it gives a simple, 
general, and logical application of the laws of mechanics. The 
students appear to grasp the applications most readily in the 
following order: transmission lines, transformers, induction 
motors, alternators, synchronous motors, svnchronous convert- 
ters, continuous-current generators and motors, and special 
machines and devices. In connection with each of these topics 
the auxiliaries are discussed in their logical places; for example, 
with transmission lines; switches, fuses, and lightning protection. 

The electrical instruction is three-sided; experimental, ana- 
lytical, and graphical. In the laboratory numerous experiments 
are conducted upon various types of machines, and data (facts) 
are collected. In the class room the performance of the same 
machines is predicted from the physical laws underlving their 
operation. In the computing room the theory and the facts are 
brought together in graphical form and are thus compared and 
verified. No designing of electrical machinery forms part of the 
required course, as this is largely empirical, depending upon 
the judgment and trained instinct. of the practical engineer. 
Instead, the student 1s taught to predetermine the characteristics 
of machines from the dimensions and arrangement of their 
electric and magnetic circuits, each machine being reduced to an 
equivalent electric circuit. The computing room is a useful 
adjunct in this work. While it is not possible to have all of the 
laboratory reports prepared and = problems solved under in- 
struction, a beginning is made, the reports being completed at 
home. The work of the fourth year is not wholly electrical, 
but a course in power engineering 15 taken by all. The 
mechanical laboratory also tends to prevent undue concentra- 
tion upon the one subject. A course in political economy also 
draws attention to. important phases of business and social 
activities. 

In addition to the required courses, a considerable part of the 
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senior year is available for elective work in engineering subjects. 
The electrical elective studies comprise electric railways, tele- 
phone engineering, electrical machinery design, and power 
generation and distribution. These are given in the second 
half of the senior year, after the major part of the routine 
work is complete. "Thesis work may be taken as an elective 
when a suitable subject presents itself for investigation. 

The course described is essentially that given in all technical 
schools, although details and arrangement differ with environ- 
ment. Sibley College is fortunate in being connected with a 
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large university which undoubtedly tends to interest the 
technical students in matters outside their specialties and thus 
broadens their horizons. On the other hand, the university 
acknowledges the stimulus received from, the technical school 
through the energy displayed and the practical nature of the 
studies. 

Results of technical education. It requires no further argu- 
ment to prove that in importance personality precedes scholar- 
ship in the makeup of the technical graduate. Some vears ago 
Professor Harris J. Ryan devised the foregoing form to be filled 
in when an estimate of a student's characteristics was requested. 
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This form is still in use by the Employment Committee and it 
is of great service in making recommendations. The words 
excellent, good," '' fair " and “ poor ” are used in grading 
the students for the purpose. Proceeding upon the assumption 
that the personality is of prime importance, the writer, for the 
purposes of this paper, requested a large number of Siblev 
alumni of from four to twenty years' standing to state whether 
or not the training affected honesty, thoroughness, initiative, 
perseverance, accuracy, conciseness, energy, self-confidence, 
address, alertness, and loyalty. Practically all testified that 
these items are affected and as a rule favorably. Further the 
alumni were asked to arrange these elements in order of im- 
portance. The combined result of the recommendations placed 
them in the following order: 1, honestv; 2, perseverance; 
3, accuracy; 4, thoroughness; 5, energy: 6, initiative; 7, address; 
5, loyalty; 9, self-confidence; 10, conciseness; and 11, alertness. 
It is unnecessary to discuss the ways in which these elements are 
affected by a technical training. Emplovers are justified in 
expecting them in the technical graduates and the schools must 
and do recognize their importance. 

Incidentally, the alumni were asked to state which part of 
their courses, classical, scientific, or technical, was most benefi- 
cal. The majority think that the technical studies benefit 
them most but there is a recognition of the necessity for a scien- 
tific basis for the applications. In response to a query as to im- 
provements needed in technical courses, the impression seems 
to be that the attention of the students should be directed to the 
purposes to which the principles are to be applied. A few 
advocate the introduction of cost-accounting, contracts and allied 
subjects, Which are undoubtedly desirable when time permits. 
A fourth question asked was, “ In what particulars have you 
found your technical training useful?" This elicited тапу 
interesting opinions. Practically none referred to any technical 
information which had been received. in college. Instead the 
opinion was that the greatest gain was the habit of scientifically 
and practically attacking and solving problems as thev arise. 
General adaptability and the faculty of securing information when 
needed along any line were also mentioned as important. 

Afterall, the best test of a training of any kind is the use made 
of it. To determine what the Sibley alumni are doing a canvass 
of the entire number was recently made. From partial returns 
the following table has been compiled. 


64 797 66 
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TABLE OF PRESENT OCCUPATIONS OF ALUMNI OF 
SIBLEY COLLEGE. 


(Includes over 80% of the alumni up to 1904) 


Occupation. Number. Per cent. 
1. Mechanical епріпеег.............. ТЕЕ: 298 23.20 
2. Electrical engineer, шш e er aea eas 170 13.23 
3. Designer ог йга{зтап..................... 140 10.90 
4. President, vice-president, secretary, treasurer, 
or member of firm, manufacturing......... 127 9.88 
we Sh CACHED ыры чу к ui E as n s 114 8.88 
6. Sales engineer меге os e икра Gack ais 107 8.33 
7, Consulting enpilieeto.. cosi Ede erret 43 3.35 
8. Manager or superintendent, operating....... 41 3.19 
9. Non-engineering occupations*,,,.......... LL. 39 3.03 
10. Manager or superintendent, manufacturing... 32 2.48 
LI Foreman о Е UEN dd DE See ae ES 31 2.41 
12. Managerorsuperintendent,constructing....... 25 1.94 
13. Insurance engineer: core ARV 19 1.48 
E JXAUCOFHO VS oras кик Ыта р ыйы райын angi 18 1.40 
I9: CANNY OF Navy OMe oris cus de EEEN PENRE EESE 17 1.32 
Io. Ediororpublisher,. 22 RE ERE ree 15 1.17 
17. Assayer, geologist, or mining engineer......... 15 1.17 
18. President, vice-president, secretary, treasurer, 
or partner, соп5{гисїїп@ ................. 13 1.01 
19. Patent examiners ааа орь 8 0.62 
20. President, vice-president, secretary, treasurer, 
or Partner, Operating 34 sacs tx wa wee Ses 7 0.54 
2T, Cabengineer oko wens oooh V REN dE ES 4 0.31 
22. Irrigating engineer „2 у-у дик зше калдан Ы жа 1 0.08 
29. (Ity-enpgIDeer Loco dd oso eb Usu. 1 0.08 
Total КЕ КЕ ГО КОККЕ ГЕТ ES 1285 100.00 


Comments. The first three items may require some explanation. By 
the term “ mechanical engineer ” is meant those who are rated as such or 
who are doing general mechanical engineering work. Designers, drafts- 
men and those engaged in administrative work are classed separately. 
The same remark applies to electrical engineer. The word '' designer ” 
covers those engineers, however prominent, who are primarily engaged 
in preparing or superintending the preparation of drawings and designs. 
It is interesting to note the large number engaged in actual engineering 
work. There is, however, a great tendency on the part of young engi- 
neers to enter sales departments. 


*' The non-engineering occupations are as follows: Bankers 4, car agent 
1, chemist 1, dairy farmer 1, dentist 1, druggist 1, flour miller 1, healer 2, 
hotel manager 1, jeweler 1, librarian 1, mechanics 4, merchants 7, 
paper hanger 1, photographer 1, physician 1, postal clerk 1, real-estate 
agents 3, secretary department of public charities 1, stock. broker 1, 
sugar planter 1, time-keeper 1, tobacco dealer 1, tobacco planter 1. 
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NEW York, JUne 17, 1907. 
Юк. SAMUEL SHELDON, 
PRESIDENT, AMERICAN INSTITUTE ELEGTRICAL ENGINEERS, 
33 West 39th Street, 
New York City. 


DEAR SIR:— 


In accordance with à motion made by Dr. Steinmetz, and duly carried 
at the last Annual Convention of the Institute; at Milwaukee, the Standard- 
ization Rules have been revised in form and wording and in accordance 
with various suggestions received from members of the Institute. This 
work has been accomplished by the Standards Committee which has 
held monthly meetings beginning їп September last. 

Dr. Steinmetz’ motion provided that the Standardization Rules when 
completed by the Committee should be submitted to the Board of Di- 
rectors for final adoption and promulgation. I therefore submit the 
revised Standardization Rules through vou to the Board of Directors, 
and request that they be formally approved and adopted. 

Respectfully vours, 
(Signed) Francis В. CROCKER, 


Chairman, Standards Committee. 


STANDARDS COMMITTEE. 

FRANCIS B. CROCKER, Chairman, Columbia University, New York, N. Y. 
ARTHUR W. BERRESFORD, Milwaukee. CHARLES F. SCOTT, Pittsburg, Pa. 
DUGALD C. JACKSON, Malis on, Wis, HENRY G. STOTT, New York, М.Ү. 
ARTHUR E. KENNELLY, Cambridize, Mass CHARLES P. STEINMETZ, Schenectady. 

С.О. MAILLOUX, New York, N. Y. SAMUEL W.STRATTON, Washington, D.C. 
ROBERT B. OWENS, Montreal, Сап, ELIHU THOMSON, Lynn, Mass. 


Approved by vote of the Board of Directors, June 21, 1907. 
RALPH W. POPE, 
Secretary. 
New York, June 21, 1907. 
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I. DEFINITIONS AND TECHNICAL DATA. 


Note: The following definitions and classifications are intended to be prac- 
tically descriptive and not scientifically rigid. 


A. DEFINITIONS. CURRENTS. 


A Direct CURRENT is a unidirectional current. 

A CoNTINUOUS CURRENT is a Steady, or non-pulsating, direct current. 

A PULSATING CURRENT is a current equivalent to the superposition of an 
alternating current upon a continuous current. 

An ALTERNATING CURRENT 15 а current which, when plotted, consists 
of balf-waves of equal area in successively opposite directions from the 
zero line. 

An OSCILLATING CURRENT 1S a current alternating in direction, and of 
decreasing amplitude. 


B. DEFINITIONS, ROTATING MACHINES. 


A GENERATOR transforms mechanical power into electrical power. 

A DiRECT-CURRENT GENERATOR produces a direct current that may or 
may not be continuous. 

An ALTERNATOR or ALTERNATING-ÜURRENT GENERATOR produces alter- 
nating current, either single-phase or polyphase. 

A -DobirHASR GENERATOR produces currents differing symmetrically 
in кз such as two-phase currents, in which the terminal voltages on 
the two circuits differ 1n phase by 90 degrees; or three-phase currents, in 
which the terminal voltages on the three circuits differ in phase by 120 
degrees. | 

A DOoUBLE-CURRENT GENERATOR produces both direct and alternating 
currents. 

A Moror transforms electrical into mechanical power. 

A Booster is a machine inserted in series in a circuit to change its 
voltage. It may be driven by an electric motor (їп which case it 1s termed 
a motor-booster) or otherwise. 

A MoToR-GENERATOR is a transforming device consisting of a motor 
mechanically connected to one or more generators. 

A DYNAMOTOR is a transforming device combining both motor and 
generator action in one magnetic field, with two armatures; or with an 
armature baving two separate windings and independent commutators. 

А CONVERTER 15 a machine employing mechanical rotation in changing 
electrical energy from one form into another. A converter may belong 
to either of several types, as follows: 

а. A Direct-CURRENT CONVERTER converts from a direct current to 
a direct current. 

b. A SYNCHRONOUS CONVERTER (commonly called a rotary converter) 
converts from an alternating to a direct current, or vice versa. 

с. A Moror-ConvERTER ts a combination of an induction motor with 
a synchronous converter, the secondary of the former feeding the arma- 
ture of the latter with current at some frequency other than the impressed 
frequency; t.e., it 15 a synchronous converter concatenated with an in- 
duction motor. 

d. A FREQUENCY-CONVERTER converts from an alternating-current sys- 
tem of one frequency to an alternating-current system of another fre- 
quency, with or without a change in the number of phases or in voltages. 

е. A КотАкү PHASE CONVERTER converts from an alternating-current 
system of one or more phases to an alternating-current system of a dif- 
ferent number of phases, but of the same frequency. 
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C. DEFINITIONS. STATIONARY INDUCTION APPARATUS. 


STATIONARY INDUCTION APPARATUS change electric energy to electric 
energy through the medium of magnetic energy. They compnise several 
forms, distinguished as follows: 

a. In TRANSFORMERS the primary and secondary windings are insulated 
from one another. 

5. In AuTo-TRANSFORMERS, also called compensators, a part of the 
primary winding is used as a secondary winding, or conversely. 

c. In PorENTIAL REGULATORS a coil is in shunt and a coil 15 in series 
with the circuit, so arranged that the ratio of transformation between 
them is variable at will. They are of the following three classes: 

(a) COMPENSATOR POTENTIAL REGULATORS in which a number of turns 
of one of the coils are adjustable. 

(b) InpucTion PorENTIAL REGULATORS in which the relative positions 
of the primary and secondary coils are adjustable. 

(c) MaGNeTO PorENTIAL REGULATORS in which the direction of the 
magnetic flux with respect to the coils is adjustable. 

d. REACTORS, or REACTANCE Üorrs, formerly called choking coils, are 
a form of stationary induction apparatus used to produce reactance or 
phase displacement. 


D. GENERAL CLASSIFICATION OF APPARATUS. 


ComMUTATING МАСНІМЕЅ. Under this head may be classed the following: 
Direct-current generators; direct-current motors; direct-current boosters; 
motor-generators; dvnamotors; converters, compensators or balancers; 
closed-coil arc machines, and alternating-current commutating motors. 

Commutating machines may be further classified as follows: 

a. DiRECT-CURRENT COMMUTATING MACHINES, Which comprise a mag- 
netic field of constant polarity, a closed-coil armature, and а multiseg- 
mental commutator connected therewith. 

b. ALTERNATING-CURRENT COMMUTATING MACHINES, which comprise a 
magnetic field of alternating polarity, a closed-coil armature, and a 
multisegmental commutator connected therewith. 

c. SYNCHRONOUS COMMUTATING MACHINES, which comprise synchronous 
converters, motor converters and double-current generators. 

SYNCHRONOUS MACHINES, Which comprise a constant magnetic field, 
and an armature receiving or delivering alternating-currents in synchron- 
ism with the motion of the machine; f.e.. having a frequency equal to the 
product of the number of pairs of poles and the speed of the machine in 
revolutions per second. 

STATIONARY INDUCTION APPARATUS, Which include transformers, auto- 
transformers, potential regulators, and reactors or reactance coils. 

ROTARY INpucTION APPARATUS, Or INpucTION MACHINES, which include 
apparatus wherein the primary and secondary windings rotate with re- 
spect to each other; t.e., induction motors, induction generators, frequency 
converters, and rotary phase converters. 

UNIPOLAR or AcycLtic MACHINES, in which the voltage generated in the 
active conductors maintains the same direction with respect to those 
conductors, 

RECTIFYING APPARATUS, PULSATING-CURRENT GENERATORS. 

ELECTROSTATIC APPARATUS, such as condensers, etc. 

ELECTROCHEMICAL APPARATUS, Such as batteries, etc. 

ELECTROTHERMAL APPARATUS, Such as rheostats, heaters, etc. 

PROTECTIVE APPARATUS, such as fuses, lightning arresters, etc. 

LUMINOUS SOURCES. 


I. MOTORS. SPEED CLASSIFICATION, 


Motors may, for convenience, be classified with reference to their speed 
characteristics as follows: 

d. CONSTANT-SPEED Motors, in which the speed is either constant or 
does not materially vary; such as synchronous motors, induction motors 
with small slip, and ordinary direct-current shunt motors, 
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b. MurrisPEED Motors (two-speed, three-speed, etc.), which can Бе 
operated at апу one of several distinct speeds, these speeds being 
practically independent of the load, such as motors with two armature 
windings. 

€. ADJUSTABLE-SPEED Morons, in which the speed can be varied grad- 
ually over a considerable range; but when once adjusted remains prac- 
tically unaffected by the load, such as shunt motors designed for a con- 
siderable range of field variation. 

d. VARYING-SPEED Motors, or motors in which the speed varies with 
the load, decreasing when the load increases; such as series motors. 


F. DEFINITION AND EXPLANATION OF TERMS. 


(1) LOAD FACTOR. 


The Loap Factor of a machine, plant or system is the ratio of the 
average power to the maximum power during a certain period of time. 
The average power is taken over a certain interval of time, such as a day 
or a year, and the maximum is taken over a short interval of the maxi- 
mum load within that interval. 

In each case the interval of maximum load should be definitely speci- 
fied. The proper interval is usually dependent upon local conditions and 
upon the purpose for- which load factor is to be determined. 


(П) NON-INDUCTIVE LOAD AND INDUCTIVE LOAD. 


A non-inductive load is a load in which the current is in phase with the 
voltage across the load. 

An inductive load is a load in which the current lags behind the voltage 
across the load. А load in which the current leads the voltage across the 
load is sometimes called an anti-inductive load. 


(III) POWER-FACTOR AND REACTIVE FACTOR. 


The Power-FactTor in alternating-current circuits or apparatus is the 
ratio of the electric power in watts to the apparent power in volt-amperes. 
Jt may be expressed as follows: 


true power 


= watts _ energy current _ energy voltage 
apparent power — volt-amperes total current total voltage 


The REaAcTIVE Factor is the ratio of the wattless volt-amperes (7.e., 
the product of the wattless compcnent of current by voltage, or wattless 
component of voltage by current) to the total amperes. It may be ex- 
pressed as follows: 

wattless volt-amperes — wattless current _ wattless voltage 


| total volt-amperes total current | total voltage 


Power-Factor and REacrivE Factor are related as follows: 
If p = power-factor, q = reactive-factor, then with sine waves of voltage 
and current, 
ъф = 1 
With distorted waves of voltage and current, 


Pig = ог < 1 
(IV) SATURATION-FACTOR. 

The SaturaTION-Facror of a machine is the ratio of a small percentage 
increase in field excitation to the corresponding percentage increase in 
voltage therebv produced. The saturation factor is, therefore, a criterion 
of the degree of saturation attained in the magnetic circuits at any ex- 
citation selected. Unless otherwise specified, however, the saturation 
factor of a machine refers to the excitation existing at normal rated speed 
and voltage. It is determined from measurements of saturation made on 
open circuit at rated speed. | 

The PERCENTAGE OF SATURATION of a machine at any excitation may 
be found from its saturation curve of generated voltage as ordinates, against 
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excitation as abscissas, by drawing a tangent to the curve at the ordinate 
corresponding to the assigned excitation, and extending the tangent to 
intercept the axis of ordinates drawn through the origin. The ratio of 
the intercept on this axis to the ordinate at the assigned excitation. when 
expressed in percentage, is the percentage of saturation and is indepen- 
dent of the scale selected for excitation and voltage. This ratio is equal 
to the reciprocal of the suturation-factor at the same excitation, deducted 
from unity. Thus, if f be the saturation factor and p the percentage of 
saturation ratio, 
1 
p21— 


(V) VARIATION AND PULSATION. 


The VARIATION IN PRIME Movers which do not give an absolutelv 
uniform rate of rotation or speed, as in reciprocating steam engines, 1s 
the maximum angular displacement in position of the revolving member ex- 
pressed in degrees, from the position it would occupy with uniform rota- 
tion, and with one revolution taken as 360°. 

The PursaTiION IN PRIME Movers is the ratio of the difference between 
the maximum and minimum velocities in an engine-cycle to the average 
velocit y. 

The VARIATION IN ALTERNATORS or alternating-current circuits in general 
is the maximum difference in phase of the generated voltage wave trom a 
wave of absolutely constant frequency, expressed in electrical degrees 
(one cycle equals 360 degrees) and may be due to the variation of the 
prime mover. 

The PULSATION IN ALTERNATORS or alternating-current circuits, in gen- 
eral, is the ratio of the ditference between maximum and minimum fre- 
quency during an engine cycle to the average frequency. 

RELATION OF VARIATION in prime mover and alternator. 

If n = number of pairs of poles, the variation of an alternator is n 
times the variation of its prime mover, if direct-connected, and 7/2 times 
the variation of the prime mover if rigidly connected thereto in the ve- 
locity ratio p. x 


II. PERFORMANCE SPECIFICATIONS AND TESTS. 
A. RATING. 


RATING BY OvurTPUT. All electrical apparatus should be rated by output 
and not bv input. Generators, transformers, ete., should be rated by 
electrical output: motors by mechanical output. 

RarTiNG IN kirowarrs. Electrical power should be expressed in kilo- 
watts, except when otherwise specified. 

APPARENT POWER, NILOVOLT-AMPERES. Apparent power in alternating- 
current circuits should be expressed in. kilovolt-amperes as distinguished 
from real power in. kilowatts. When the power factor is 100 per cent., 
the apparent power in kilovolt-amperes is equal to the kilowatts. 

The RArED (FuLr-LoAp) CURRENT is that current which, with the rated 
terminal voltage, gives the rated kilowatts, or the rated kilovolt-amperes. 
ln machines in which the rated voltage differs from the no-load voltage, 
the rated current should refer to the former. 

DETERMINATION OF RATED CURRENT. The rated current may be de- 
termined as follows: If P = rating in watts, or apparent watts if the power 
factor be other than 100 per cent., and E = full-load terminal voltage, 
the rated current per terminal is: 


P 


І = Е in а direct-current machine or single-phase alternator. 
1 . 
I = — = ү- їп a three-phase alternator. 
Мз & 
1 P 


Жер; E in a two-phase alternator. 
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NORMAL CoNpniTIONS. The rating of machines or apparatus should be 
based upon certain normal conditions to be assumed as standard, or to be 
specified. These conditions include voltage, current, power-factor, fre- 
quency, wave shape and speed; or such of them as may apply in each par- 
ticular case. Performance tests should be made under these standard 
conditions unless otherwise specified. 

a. Power Factor. Alternating-current apparatus should be rated in 
kilowatts, at 100 per cent. power factor; t.e., with current in phase with 
terminal voitage, unless a pnase displacement is inherent in the apparatus 
or is specified. If a power factor other than 100 per cent. is specified, 
the rating should be expressed in kilovolt-amperes and power factor, at 
rated load. 

b. WAVE SHAPE. In determining the rating of alternating-current ma- 
chines or apparatus, a sine wave shape of alternating current and voltage 
is assumed, except where a distorted wave shape is inherent to the appar- 
atus. See Secs. 79—83. 

Fuses. The rating of a fuse should be the maximum current which it 
will continuously carry. 

CiRCUIT-BREAKERS. The rating of a circuit-breaker should be the max- 
imum current which it is designed to carry continuously. 

a. Notre. In addition thereto, the maximum current and voltage at 
which a fuse or a circuit-breaker will open the circuit should be specified. 
It is to be noted that the behavior of fuses and of circuit-breakers is much 
influenced by the amount of electric power available on the circuit. 


B. WAVE SHAPE. 


The SiNE Wave should be considered as standard, except where a dif- 
ference in the wave form from the sinusoidal is inherent in the operation 
of the apparatus. 

A Maximum Deviation of the wave from sinusoidal shape not exceeding 
10 per cent. is permissible, except when otherwise specified. 

The DeEviaTION of wave form from the sinusoidal is measured by de- 
termining the form by oscillograph or wave meter, computing therefrom 
the equivalent sine wave of equal length, superposing the latter upon the 
observed wave in such a manner as to give least difference, and then 
dividing the maximum difference at any ordinate by the maximum value 
of the equivalent sine wave. 

The EQUIVALENT SINE WAVE is a sine wave having the same frequency 
and the same effective or r.m.s. (root of mean square) value as the actual 
wave. 

NON-SINE Waves. The phase displacement between two waves which 
are not sine waves, 1s that phase displacement between their equivalent 
sine waves which would give the same average product of instantaneous 
values as the actual waves; t.e., the same electro-dynamometer reading. 


C. EFFICIENCY. 
(I) DEFINITIONS. 


The ErriciENCY of an apparatus is the ratio of its net power output 
to its gross power input. 

a. Note. An exception should be noted in the case of storage batteries 
or apparatus for storing energy in which the efficiency, unless otherwise 
qualified, should be understood as the ratio of the energy output to the 
energy intake in a normal cycle. An exception should also be noted in 
the case of luminous sources. 

APPARENT EFFICIENCY. In apparatus in which a phase displacement is 
inherent to their operation, apparent etficiency should be understood as 
the ratio of net power output to volt-ampere input. 

a. NOTE. Such apparatus comprise induction motors, reactive synchron- 
ous converters, synchronous converters controlling the voltage of an 
alternating-current system, self-exciting synchronous motors, potential 
regulators and open magnetic circuit transformers, etc. 

b. NoTE. Since the apparent efficiency of apparatus delivering electric 
power depends upon the power-factor of the load, the apparent efficiency, 
unless otherwise specified, should be referred to a load power-factor of unity. 
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(П) DETERMINATION OF EFFICIENCY. 

Метнорѕ. Efficiency may be determined by either of two methods, 
viz.: bv measurement of input and output; or, by measurement of losses. 

a. METHOD ОЕ INPUT AND OurPuT. The input and output may both 
be measured directly. The ratio of the latter to the former is the ethicienc y. 

b. METHoD By Losses. The losses may be measured either collectively 
or individually. The total losses may be added to the output to derive 
the input, or subtracted from the input to derive the output. 

COMPARISON OF METHODS. The output and input method is preferable 
with small machines. When, however, as in the case of large machines, 
it 1s impracticable to measure the output and input; or when the per- 
centage of power loss is small and the ethciency is nearly unity, the method 
of determining efliciency by measuring the losses should be followed. 

Evectric Power should be measured at the terminals of the appar- 
atus. In tests of polyphase machines, the measurement of power should 
not be confined to a single circuit but should be extended to all the cir- 
cuits in order to avoid errors of unbalanced loading. 

MECHANICAL POWER in machines should be measured at the pulley, 
gearing, coupling, etc., thus excluding the loss of power in said pulley, 
gearing or coupling, but including the bearing friction and windage. The 
magnitude of bearing friction and windage may be considered, with con- 
stant speed, as independent of the load. The loss of power in the belt and 
the increase of bearing friction due їо beit tension. should be excluded. 
Where, however, a machine is mounted upon the shaft of a prime mover, 
in such a manner that it cannot be separated therefrom, the frictional 
losses in bearings and in windage, which ought, by definition, to be included 
in determining the efficiency, should be excluded, owing to the practical 
impossibility of determining them satisfactorily. 

іп AUXILIARY APPARATUS, Such as an exciter, the power lost in the 
auxiliary apparatus should not be charged to the principal machine, but 
to the plant consisting of principal machine and auxilary apparatus 

taken together. The plant etficieney in such cases should be distinguished 
from the machine etliciency. 

NORMAL CONDITIONS. Efficiency tests should be made under normal 
conditions herein set forth and which are to be assumed as standard. 
These conditions include voltage, current, power-factor, frequency, wave 
shape, speed and barometric pressure, temperature, or such of them as 
may apply in each particular case. Performance tests should be made 
under these standard conditions unless otherwise specified. See Secs. 
13-125. 

TEMPERATURE. The ethciency of all apparatus, except such as тау 
be intended for intermittent. service, should be either measured at, or re- 
duced to, the temperature which the apparatus assumes under continuous 
operation at rated load, referred to. a room temperature of 25? C. See 
Secs. 207-202. 

With apparatus intended for intermittent service, the ећсіепсу should 
be determined at the temperature assumed under specified conditions. 

b. Powrr Facror. In determining the ethcieney of alternating-current 
apparatus, the electrice power should be measured when the current is in 
phase with the voltage, unless otherwise specified, except when a definite 
phase difference ts inherent in the apparatus, as in induction motors, 
induction generators, frequency converters, ete. 

c. Wave Suape. In. electrical apparatus, the sine wave should be 
considered as standard, except where a difference in the wave form from 
the sinusoidal is inherent in the operation of the apparatus. See Secs. 
49-83. 

(III) MEASUREMENT OF LOSSES. 

Losses. The usual sources of losses in electrical apparatus and the 
methods of determining these losses are as follows: 

(4) BkaRiNG FRICTION AND WINDAGE. 

The magnitude of bearing friction and windage (which may be consid- 
ered as independent of the load) is conveniently measured by driving 
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the machine from an independent motor, the output of which may be 
suitably determined. See Sec. 94. 


(B) COMMUTATOR BRUSH FRICTION. 


The magnitude of the commutator brush friction (which. may be con- 
sidered as independent of the load) is determined by measuring the dif- 
ference in power required for driving the machine with brushes on and 
with brushes off (the field being unexcited). 


(C) СозькЕсток-Кїхє Bnvsu FRICTION. 


Collector-ring brush friction may be determined їп the. same manner 
as commutator brush friction. It is usually negligible. 


(D) MovecutarR MaGnetic Fricrion AND Evppy CURRENTS. 


These losses include those due to molecular magnetic friction and eddy 
currents in iron and copper and other metallic parts, also the losses due 
{о currents in the cross-connections of cross-connected armatures. 

In MacmiNEs these losses should be determined on open circuit and 
at a voltage equal to the rated voltage +J rina generator, and —/ rina 
motor, where / denotes the current strength and r denotes the internal 
resistance of the machine. They should be measured at the correct 
speed and voltage, since they do not usually vary in any definite pro- 
portion to the speed or to the voltage. 

Note. The Torat Losses in bearing friction and windage, brush fric- 
tion, magnetic friction and eddy currents can, in. general, be determined 
bv a single measurement by driving the machine with the field excited, 
either as a motor, or by means of an independent motor. 

RETARDATION METHOD. The no-load iron, friction, and windage losses 
тау be segregated by the Retardation Method, in which the generator 
should be brought up to full speed (or, if possible, to about 10 per cent. 
above full speed) as a motor, and, after cutting off the driving power and 
excitation, frequent readings should be taken or speed and time, as the 
machine slows down, from which a speed-time curve can be plotted. A 
second curve should be taken in the same manner, but with full field ex- 
citation; from the second curve the iron losses may be found by subtracting 
the losses found in the first curve. 

The speed-time curves can be plotted automatically by belting a small 
separately excited generator (sav 1/10 kw.) to the generator shaft and 
connecting it to a recording voltmeter. When the retardation. method 
is not feasible, the frictional losses in bearings and in windave, which 
ought, bv definition, to be included in. determining the efficiency, may 
be excluded; but this should be expressly stated. 


(E) ARMATURE-RESISTANCE Loss. 

This loss may be expressed by p I? r; where r = resistance of one arma- 
ture circuit or branch, J = the current in such armature circuit or branch, 
and p = the number of armature circuits or branches. 

(F) ComMuTATOR BRUSH AND BRUSH-CONTACT RESISTANCE Loss. 

It is desirable to point out that with carbon brushes these losses may 
be considerable in low-voltage machines. 

(G) CoLLector-RING AND. BRUSH-CONTACT RESISTANCE Loss. 

This loss is usually negligible, except in machines of extremely low 
voltage or in unipolar machines 
(H) Fiero Excitation Loss. 


With separatelv excited fields, the loss of power in the resistance of the 
field coils alone should be considered, With either shunt- or series-field 
windings, however, the loss of power in the accompanving rheostat should 
also be included, the said rheostat being considered as an essential part 
of the machine, and not as separate auxiliary apparatus. 


114 (1) Loap Losses. 


The load losses may be considered as the difference between the total 
losses under load and the sum of the losses above specified. 
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116 а. In COMMUTATING МАСНІМЕЅ of small field distortion, the load losses 
are usually trivial and may, therefore. be neglected. When, however, the held 
distortion is large, as is shown, for instance, by the necessity for shifting the 
brushes between no load and full load, or with variations of load, these 
load losses may be considerable, and should be taken into account. In 
this case the efficiency may be determined either by input and output 
measurements, or the load losses may be estimated by the method of 
Sec. 116. 

116 b. Estimation oF Loap Losses. While the load losses cannot well be 
determined individually, they mav be considerable and, therefore, their 
joint influence should be determined by observation. This can be done 
7 operating the machine on short-circuit and at full-Joad current, that 

by determining what may be called the “ short-circuit core loss.” With 
ile low field inte: isitv and great lag of current existing in this case, the 
load losses are usually greatly exaggerated. 

117 One-third of the short-circuit core loss may, as an approximation, and 
in the absence of more accurate information, be assumed as the load loss. 


(IV) EFFICIENCY OF DIFFERENT TYPES OF APPARATUS 
(4) DiRECT-CURRENT COMMUTATING MACHINES. 


118 In Directr-CURRENT COMMUTATING MaciniNEs the losses are: 

119 а. BranRiNG Friction AND WINDAGE. See Measurement of Losses (А), 
Sec. 102. 

120 b. MOLECULAR MAGNETIC FRICTION AND EDDY CURRENTS. See Measure- 
ment of Losses (/?), Sec. 105. 

121 с. ARMATURE ReESISTANCE Losses. See Measurement of Losses (E), 
Sec. 110. 

122 d. СоммотАтокн BRvsH Friction. See Measurement of Losses (B), 
Sec. 103. 

123 е. ComMuTATOR BnvsH AND BnvsH Contact RESISTANCE. See Meas- 
urement of Losses (F), Sec. 111. 

124 j. Fienp Excitation Loss. See Measurement of Losses (И), Sec. 113. 

125 g. Loap Losses. See Measurement of Losses (7), Sec. 114. 

126 Norte. b and c are losses in the armature or "armature losses”; 
d and e “ commutator losses ''; f '" field losses.” 


(B) ALTERNATING-CURRENT COMMUTATING MACHINES. 


127 In ALTERNATING-CURRENT COMMUTATING MACHINES, the losses are: 

128 а. BEARING Friction AND WINDAGE. See Measurement of Losses (А), 
Sec. 102. 

129 b. Roration Loss, measured with the machine at open circuit, the 
brushes on the commutator, and the field excited by alternating cur- 
rent when driving the machine by a motor. 

130 This loss includes molecular magnetic friction, and eddy currents, 
caused by rotation through the magnetic field, Zr losses in cross-con- 
nections of cross-connected armatures, Jr and other losses in armature- 
coils and armature-leads which are short-circuited by the brushes as far 
as these losses are due to rotation. 

131 с. ALTERNATING or TRANSFORMER Loss. These losses are measured 
by wattmeter in the field circuit, under the conditions of test b. They 
include molecular magnetic friction and eddvy-currents due to the alter- 
nation of the magnetic field, 7?r losses in eross-connections of cross-con- 
nected armatures, /^r and other losses in armature coil and commutator 
leads which are short-circuited by the brushes, as far as these losses are 
due to the alternation of the magnetic flux. 

132 The losses in armature-coils and commutator leads short-circuited by 
the brushes, can be separated in б, and c. from the other losses, by run- 
ning the machine with and without brushes on the commutator. 

133 d. Pr Loss, Отньк Loan Losses in armature and compensating wind- 
ing and "r loss of brushes, measured by wattmeter connected across the 
armature and compensating winding. 

134 е. Ек ExciravioN Loss. See Measurement of Losses (Н). Sec. 113. 

135 f. COMMUTATOR Brusit-Friction. See Measurement of Losses (B), Sec. 
103. 
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(C) SYNCHRONOUS COMMUTATING MACHINES. 


1. In Dov&BrE-CunRENT GENERATORS, the efficiency of the machine 
should be determined as a direct-current generator, and also as an alter- 
nating-current generator. The two values of efficiency may be different, 
and should be clearly distinguished. 

2. In CONVERTERS the losses should be determined when driving the 
machine by a motor. These losses are: 

a. BEARING FRICTION AND WINDAGE. See Measurement of Losses (A), 
Sec. 102. 

b. MOLECULAR MAGNETIC FRICTION AND Eppy CURRENTS. See Meas- 
urement of losses (D) Sec. 105. 

с. ARMATURE RESISTANCE Loss. This loss in the armature is д 227, 
where / = direct current in armature, 7 = armature resistance and q, a 
factor which is equal to 1.47 in single-circuit single-phase, 1.15 in double- 
circuit single-phase, 0.59 in three-phase, 0.39 in two-phase, and 0.27 in 
six-phase converters. 

d. COMMUTATOR-BRUSH FrIcTION. See Measurement of Losses (B), Sec. 
103. 

e. CoLLECTOR-RinG Вкоѕн Friction. See Measurement of Losses (C), 
Sec. 104. 

f. COMMUTATOR-BrRUSH AND BrusH-Contract REsisTANCE Loss. бее 
Measurement of Losses (F), Sec. 111. 

g. COLLECTOR-RING BrusH-ContacT RESISTANCE Loss. See Measure- 
ment of Losses (G), Sec. 112. 

h. Fretp ExcrvrATION Loss. See Measurement of Losses (H), Sec. 109. 

1. Loap Losses. These can generally be neglected, owing to the ab- 
sence of field distortion. 

3. THE EFFICIENCY OF Two SIMILAR CONVERTERS may be determined 
by operating one machine as a converter from direct to alternating, and 
the other as a converter from alternating to direct, connecting the alter- 
nating sides together, and measuring the difference between the direct- 
current input, and the direct-current output. This process тау be modi- 
fied by returning the output of the second machine through two boosters 
into the first machine and measuring the losses. Another modification 
is to supply the losses bv an alternator between the two machines, using 
potential regulators. 


(D) SYNCHRONOUS MACHINES. 


In SvyNcuRnoNous MACHINES the losses are: 

a. BEARING FRICTION AND WINDAGE. See Measurement of Losses (А), 
Sec. 102. 

b. MoLECULAR MAGNETIC FRICTION AND Eppy CuRRENTS. See Measure- 
ment of Lossess (D), Sec. 105. 

с. ARMATURE RESISTANCE Loss. See Measurement of Losses (E) Sec. 
110. 

d. CoL_Lector-RING Brusu Friction. See Measurement of Losses (C), 
Sec. 104. 

e. COLLECTOR-RING BgvsH Contract RESISTANCE Loss. See Measure- 
ment of Losses (G), Sec. 112. 

j FiELD Excitation Loss. See Measurement of Losses (H), Sec. 113. 

с. Loap Losses. See Measurement of Losses (J), Sec. 114. 


(E) STATIONARY INDUCTION APPARATUS. 


In STATIONARY INDUCTION APPARATUS, the losses are: 

a. MOLECULAR MAGNETIC FRICTION AND Eppy CURRENTS measured at 
open secondary circuit, rated frequency, and at rated voltage — Z r, where 
I = rated current, r = resistance of primary circuit. 

b. ResistaNcE Losses, the sum of the J? r losses in the primary and 
in the secondary windings of a transformer, or in the two sections of the 
coil in a compensator or auto-transformer, where / = rated current in 
the coil or section of coil, and r = resistance. 

c. Loap Losses, t.e., eddy currents in the iron and especially in the 
copper conductors, caused by the current at rated load. For practical 
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purposes they may be determined by short-circuiting the secondary of 
the transformer and impressing upon the poe a voltage sufficient to 
send rated load current through the transtormer. The loss in the trans- 
former under these conditions measured by wattmeter gives the load 
losses + [2 r losses in both primary and secondary coils. 

In CLosep MAGNETIC CIRCUIT TRANSFORMERS, either of the two circuits 
тау be used as primary when determining the efficiency. 

In Potential REGULATORS, the efficiency should be taken at the max- 
imum voltage for which the apparatus is designed, and with non-inductive 
load, unless otherwise specified. 


(F) Rorary INbpucrioN APPARATUS, OR INDUCTION MACHINES. 


In Rorary INpuction APPARATUS, the losses are: 

a. BEARING FRICTION AND WINDAGE. See Measurement of Losses (4), 
Sec. 102. 

b. MOLECULAR MAGNETIC Friction AND Eppy CURRENTS in iron, copper 
and other metallic parts; also /? r losses which may exist in multipie- 
circuit windings. a and b together are determined by running. the 
motor without load at rated voltage, and measuring the power input. 

c. Primary ZR Loss, which may be determined by measurement of 
the current and the resistance. 

d. SECONDARY J? R Loss, which may be determined as in the primary. 
when feasible; otherwise, as in squirrel-cage secondaries, this loss is meas- 
ured as part of c. 

e. Loap Losses; 1.є., molecular magnetic friction, and eddy currents 
in iron, copper, ctc., caused bv the stray field of primarv and secondary 
currents, and secondary I R loss when undeterminable under (d). These 
losses may for practical purposes be determined by measuring the total 
power, with the rotor short-circuited at standstill and a current in the 
primary circuit equal to the primary energy current at full load. The 
loss in the motor under these conditions may be assumed to be equal to 
the load losses + 2 r losses in both primary and secondary coils. 


(G) UNIPOLAR OR ÁcvcriIC MACHINES. 


In UNIPOLAR MACHINES, the losses are: 

(a) BEARING FRICTION AND WINDAGE. Sce Measurement of Losses (А), 
Sec. 102. 

(b) MOLECULAR MAGNETIC FRICTION AND Eppy CURRENTS. See Meas- 
urement of Losses (E), Sec. 106. 

(c) ARMATURE RESISTANCE Losses. See Measurement of Losses (E), 
Sec. 110. 

(d) CoLLectoR Brusn Friction. See Measurement of Losses (C), Sec. 
104. 

(e) COLLECTOR BrusH Conract RESISTANCE. See Measurement of 
Losses (6). Sec. 112. 

(f) FikgLp-ExcirATION as in Sec, 113. See Measurement of Losses (//), 
Sec. 113. 

(g) Loap Losses. See Measurement of Losses (7), Sec. 114. 


(H)' RECTIFYING APPARATUS, PULSATING-CURRENT GENERATORS. 

Tuis Division INcrUvDES: open-coil are machines and mechanical and 
other rectifiers. 

In RECTIFIERS the most satisfactory method of determining the efficiency 
is to measure both electric input and electric output by wattmeter. The 
input is usually inductive, owing to phase displacement and to wave dis- 
tortion. For this reason the power factor and the apparent ећсіепсу 
should a!so be considered, since the latter may be much lower than the 
true efficiency. The power consumed by auxiliary devices, such as the 
synchronous motor or cooling devices, should be included in the electric 
input. 

In CONSTANT-CURRENT RECTIFIERS, transforming from constant poten- 
tial alternating to constant direct current, by means of constant-current 
transforming devices and rectitving devices, the losses in the transforming 
devices are to be included in determining the ethciency and have to be 
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measured when operating the rectifier, since in this case the losses тау be 
greater than when feeding an alternating secondary circuit. In constant- 
current transforming devices, the load losses may be considerable, and, 
therefore, should not be neglected. 

In Orpen Соп. Arc Macuines, the losses are essentially the same as in 
direct-current (closed coil) commutating machines. In this case, how- 
ever, the load losses are usually greater, and the ethciency should prefer- 
ably be measured by input- and out put-test, using wattmeters for measuring 
the output. In alternating-current rectifiers, the output should, in gen- 
eral, be measured by wattmeter and not by voltmeter and ammeter, 
since owing to pulsation of current and voltage, a considerable discrepancy 
may exist between watts and volt-amperes. If, however, a direct-current 
and an alternating-current meter in the rectified circuit (either a volt- 
meter or an ammeter) give the same reading, the output may be measured 
by direct-current voltmeter and ammeter. The type of alternating-cur- 
rent instrument here referred to should indicate the effective or root-of- 
mean-square value and the type of direct-current instrument the arith- 
metical mean value, which would be zero on an alternating-current circuit. 


(1) TRANSMISSION LINEs. 


The ErriciENcv of transmission lines should be measured with non- 
inductive load at the receiving end, with the rated receiving voltage and 
frequency, also with sinusoidal impressed wave form, except where ex- 
pressly specified otherwise, and with the exclusion of transformers or 
other apparatus at the ends of the line. 


(J) PnuasE-DisPLACING APPARATUS. 


In APPARATUS PRODUCING PHASE DiIsPpLACEMENT as, for example, 
synchronous compensators, exciters of induction generators, reactors, con- 
densers, polarization cells, ete., the efhciency should be understood to be 
the ratio of the volt-amperes minus power loss to the volt-amperes. 

The ErriciENCY may be calculated by determining the losses, subtract- 
ing them from the volt-amperes, and then dividing the difference by 
the volt-amperes. 

In SYNCHRONOUS COMPENSATORS and exciters of induction gener- 
ators, the determination of losses is the same as in other synchronous 
machines. 

In Reactors the losses are molecular magnetic friction, eddy losses 
and /? ғ loss. They should be measured by wattmeter. The etliciency of 
reactors should be determined with a sine wave of impressed voltage 
except where expressly specified otherwise. 

In CONDENSERS, the losses are due to diclectic hysteresis and leak- 
age, and should be determined by wattmeter with a sine wave of voltage. 

In POLARIZATION CELLS, the losses are those due to electric resistivity 
and a loss in the electrolyte of the nature of chemical hysteresis. These 
losses may be considerable. They depend upon the frequency, voltage 
and temperature, and should be determined with a sine wave of impressed 
voltage, except where expressly specified otherwise. 


D. REGULATION. 
(I) DEFINITIONS. 


Derinition. The regulation of a machine or apparatus in regard to some 
characteristic quantity (such as terminal voltage, current or speed) is the 
ratio of the deviation of that quantity from its norma! value at rated load 
to the normal rated load value. The term "' regulation," therefore, has 
the same meaning as the term “inherent regulation," occasionally used. 

CONSTANT STANDARD. If the characteristic quantity is intended to re- 

main constant (c.g., constant voltage, constant speed, ete.) between rated 
load and no load, the regulation is the ratio of the maximum variation 
from the rated load value to the no-load value. 
. VARYING STANDARD. If the characteristic quantity is intended to vary 
ina definite manner between rated load and no load, the regulation 1s 
the ratio of the maximum variation from the specified condition to the 
normal rated-load value. 
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(a) Nore. If the law of the variation (in voltage, current, speed, etc.) be- 
tween rated load and no load is not specified, it should be assumed to be 
a simple linear relation; t.e., one undergoing uniform variation. between 
rated load and no load. 

(b) Nore. The regulation of an apparatus may, therefore, differ according 
to its qualification for use. Thus, the regulation of a compound-wound 
generator specified as a constant-potential generator, will be different 
from that which it possesses when specified as an over-compounded gen- 
erator. 

In CONSTANT-POTENTIAL MACHINES, the regulation is the ratio of the 
maximum difference of terminal voltage from the rated-load value (occur- 
ring within the range from rated load to open circuit) to the rated load 
terminal voltage. 

In CONSTANT-CURRENT MACHINES, the regulation is the ratio of the 
maximum difference of current from the rated load value (occurring 
within the range from rated-load to short-circuit, or minimum limit of 
operation), to the rated-load current. 

In CONSTANT-POWER APPARATUS, the regulation is the ratio of maxi- 
mum difference of power from the rated load value (occurring within the 
range of operation specified) to the rated power. 

In CONSTANT-SPEED DIRECT-CURRENT Motors and INpvcrTioN Mo- 
TORS the regulation is the ratio of the maximum variation of speed from 
its rated load value (occurring within the range from rated load to no- 
load) to the rated load speed. 

The regulation. of an induction motor is, therefore, not identical with 
the slip of the metor, which is the ratio of the drop in speed from syn- 
chronism, to the synchronous speed. 

In Constant-PorenriaL TRANSFORMERS, the regulation is the ratio of 
the rise of secondary terminal voltage from rated non-inductive load to 
no-load (at constant primary impressed terminal voltage) to the secondary 
terminal voltage at rated load. 

In OvER-COMPOUNDED MACHINES, the regulation is the ratio of the 
maximum difference in voltage from a straight line connecting the no-load 
and rated-load values of terminal voltage as function of the load current, 
to the rated-load terminal voltage. 

In Converters, DyNaMoroRs, Motor-GENERATORS AND FREQUENCY 
CONVERTERS, the regulation is the ratio of the maximum difference of ter- 
minal voltage at the output side from the rated-load voltage, to the rated- 
load voltage on the output side. 

In TRANSMISSION LiNEs, FEEDERS, ETC., the regulation is the ratio of 
the maximum voltage difference at the receiving end, between rated non- 
inductive load and no load to the rated-load voltage at the receiving end 
(with. constant voltage impressed upon the sending end). 

In SrEAM ENGINES, the regulation is the ratio of the maximum varia- 
tion df speed in passing slowly from rated-load to no-load (with constant 
steam pressure at the throttle) to the rated-load speed. For variation 
and pulsation see Sees. 59-04. 

In à Hypratuic TURBINE or Отнкк WarER-MoToR, the regulation is 
the ratio of the maximum variation of speed in passing slowlv from rated- 
loud to no-load (at constant head of water; t.e., at constant ditference of 
level between tai! race and head race), to the rated-load speed. For 
variation and pulsation see Secs. 250-04. 

In a GeNERATOR-UNIT, consisting of a generator united with a prime- 
mover, the regulation should be determined at constant conditions of the 
prime-mover, Le, constant steam pressure, head, ete. It includes the 
inherent speed variations of the prime-mover. For this reason the regu- 
lation of a generator-unit is to be distinguished from the regulation of 
either the prime mover, or of the generator contained in it, when taken 
separately. 

(П) CONDITIONS FOR AND TESTS OF REGULATION. 


SPEED. The REGULATION OF GENERATORS 15 to be determined at con- 
stant speed and of alternating apparatus at constant impressed frequency. 
NoN-INupvcrIv E Loan. in apparatus generating, transforming or trans- 
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mitting alternating currents, regulation should be understood to refer to 
non-inductive load, that 15, to a load in which the current is in phase with 
the e.m.f. at the output side of the apparatus, except where expressly 
specified otherwise. 

Wave Form. In alternating apparatus receiving electric power, regu- 
Jation should refer to a sine wave of e.m.f., except where expressly speci- 
fied otherwise. 

Excitation. In commutating machines, rectifying machines, and syn- 
chronous machines, such as direct-current generators and motors, alter- 
nating-current and polyphase generators, the regulation is to be deter- 
mined under the following conditions: 

(1) At constant excitation in separately excited fields. 

(2) With constant resistance in shunt-field circuits, and 

(3) With constant resistance shunting series-ficld circuits; t.e., the 
field adjustment should remain constant, and should be so chosen as to 
give the required full-load voltage at full-load current. 

IMPEDANCE Ratio. In alternating-current apparatus, in addition to the 
non-inductive regulation, the impedance ratio of the apparatus should be 
specified; t.e., the ratio of the voltage consumed by the total internal im- 
pedance of the apparatus at full-load current, to its rated full-load voltage. 
As far as possible, a sinusoidal current should be used. 

COMPUTATION OF REGULATION. When in synchronous machines the 
regulation is computed from the terminal voltage and impedance voltage, 
the exciting ampere-turns corresponding to terminal voltage plus armature- 
resistance-drop, and the ampere-turns at short-circuit corresponding to 
the armature-impedance-drop, should be combined vectorially to obtain 
the resultant ampere-turns, and the corresponding internal e.m.f. should 
be taken from the saturation curve. 


E. INSULATION. 
(I) INSULATION RESISTANCE. 


INSULATION RESISTANCE is the ohmic resistance offered bv an insulating 
coating, cover, material or support to an impressed voltage, tending to 
produce a leakage of current through the same. 

Oumic RESISTANCE AND DIELECTRIC STRENGTH. The ohmic resistance 
of the insulation is of secondary importance only, as compared with the 
dielectric strength, or resistance to rupture by high voltage. Since the 
ohmic resistance of the insulation can be very greatly increased by baking, 
but the dielectric strength is hable to be weakened thereby, it 1s preferable 
to specifv a high dielectric strength rather than a high insulation resist- 
ance. The high-voltage test for dielectric strength should always be ap- 
plied. 

RECOMMENDED VALUE OF Resisrance. The insulation resistance of 
complete apparatus should be such that the rated voltage of the apparatus 


will not send more than of the rated-load current, at the rated 


1,000,000 
terminal voltage, through the insulation. Where the value found in this 
way exceeds 1 megohm, it 1s usually suthcient. 
INSULATION RESISTANCE Tests should, if possible, be made at the 
pressure for which the apparatus is designed. 


AID) DIELECTRIC STRENGTH. 
(4) Test VOLTAGES. 

DEFINITION. The dielectric strength of an insulating wall, coating, 
cover or path is measured by the voltage which must be applied to it in 
order to effect a disruptive discharge through the same. 

Basis FOR DETERMINING Test VoLtaGes. The test voltage which 
should be applied to determine the suitability of insulation for commer- 
cial operation is dependent upon the kind and size of the apparatus and 
its normal operating voltage, upon the nature of the service їп which it 
is to be used, and the severitv of the mechanical and electrical stresses to 
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which it mav be subjected. The voltages and other conditions of test 
which are recommended have been determined as reasonable and proper 
for the great majority of cases and are proposed for general adoption, 
except w hen specific reasons make a modification desirable. 

CONDITION OF APPARATUS TO BE TESTED. Commercial tests should, 
general, be made with the completely assembled apparatus and not with 
individual parts. The apparatus should be in good condition and high- 
voltage tests, unless otherwise specified, should be applied. before the 
machine is put into commercial service, and should not be apphed when 
the insulation resistance is low owing to dirt or moisture. High-vo!tage 
tests should, in general, be made at the temperature assumed under nor- 
mal operation. High- volt: we tests considerably in excess of the normal 
voltages to determine w hether specifications. are fulfilled are admissible 
on new machines only. 

Points OF APPLICATION OF VOLTAGE. The test voltage should be suc- 
cessively applied. between each electric circuit and all other electrice cir- 
cuits including conducting material in the apparatus. 

The FREQUENCY of the alternating-current test voltage is, in general, 
immaterial within commercial ranges. When, however, the frequency 
has an appreciable effect, as m alternating-current apparatus of high 
voltage and considerable capacity, the rated frequency of the apparatus 
should be used. 

TABLE OF TESTING VoLTAGES. The following voltages are recommended 
for testing all apparatus, lines and cables, by a continued application 
for one minute. The test should be with alte ‘mating voltage having an 
effective value (or root mean square referred to a sine wave of voltàge) 
given in the table and preferably for tests of alternating apparatus at 
the normal frequency of the apparatus. 


Rated Terminal Voltave of Circuit. Rite} Output. Testing Voltage. 

Not exceeding 100 volts, ЗРНО Under 10 kw. .. 1,000 volts. 
th cy eg Fe Ое 10 kw. and over.. .. 1,500 ^" 
400 and over, but less. th: an SOO volts ГЕМ Under 10 kw...... . 1.900 " 
J. eee. 10 kw. and over. 2.000 “ 
800 " “ ы Long E ee ANN en e Doanh EX TE 
1200 " 5 ч za p MEM NENV оь ва ки 5.009“ 


2,500 " Any...Double the normal rated 
voltages. 

EXCEPTION. TRANSFORMERS. Transformers having primary pressures 
of from 550 to 5.000 volts, the secondaries of which are directly con- 
nected to consumption circuits, should have a testing voltage of 10,000 
volts, to be apphed between the primary and secondary windings, and 
also between the primary winding and the core. 

Exception. Fiero Winpines. The tests for field windings should be 
based on the rated voltage of the exciter and the rated output of the 
machine of which the coils are a part. Field windings of synchronous 
motors and converters, which are to be started by applying ‘alternating 
current to the anaature when the field is not excited and a high voltage 
is induced in the Held windings, should be tested at 5.000 volts. 

RATED TERMINAL VoOLTAGE.—DEFINITION. The rated terminal voltage 
of circuit in the above table, means the voltage between the conductors 
of the cireuit to which the apparatus to be tested is to be connected,—-for 
instance, in three-phase circuits the delta voltage should be taken. In 
the following speeitic cases, the rated terminal voltage of the circuit is 
to be determined as specsined in ascertaining the testing voltage: 

(a) TRANSFORMERS. The test of the insulation between the primary and 
secondary windings of transformers, is to be the same as that between 
the high-voltage windings and core, and both tests should be made simul- 
taneously by connecting the low-tension winding and core together during 
the test. If a voltage equal to the specified testing voltage be induced 
in the high-tension winding of a transformer it may be used for insulation 
tests instead of an independently induced voltage. These tests should be 
made first with one ‘atl and then with the other end of the high-tension 
winding connected to the low-tenston winding and to the core. 
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(b) CONSTANT-CURRENT APPARATUS. The testing voltage is to be 
based upon a rated terminal voltage equal to the maximum voltage which 
may exist at open or closed circuit. 

(c) APPARATUS IN SERIES. For tests of machines or apparatus to be 
operated in series, so as to employ the sum of their separate voltages the 
testing voltage is to be based upon a rated terminal voltage equal to the 
sum of the separate voltages except where the frames of the machines 
are separately insulated, both from the ground and from each other, in 
which case the test for insulation between machines should be based upon 
the voltage of one machine, and the test between each machine and ground 
to be based upon the total voltage of the series. 


(B) METHODS OF TESTING. 


CLASSES OF Tests. Tests for dielectric strength cover such a wide 
range in voltage that the apparatus, methods and precautions which are 
essential in certain cases do not apply to others. For convenience, the 
tests will be separated into two classes: 

Crass 1. This class includes all apparatus for which the test voltage 
deos not exceed 10 kilovolts, unless the apparatus is of very large static 
capacity, e.g., a large cable system. This class also includes all apparatus 
of small static capacity, such as line insulators, switches and the like, for 
all test voltages. 

METHOD OF TEST FOR Class 1. The test voltage is to be continuously 
applied for the prescribed interval,—(one minute unless otherwise speci- 
fied). The test voltage may be taken from a constant-potential source 
and applied directly to the apparatus to be tested, or it may be raised 
gradually as specified for tests under Class 2. 

Crass 2. This class includes all apparatus not included in Class 1. 

METHOD oF TEST FOR CLass 2. The test voltage 1s to be raised to the re- 
quired value smoothly and without sudden large increments and is then 
to be continuously applied for the prescribed interval,—(one minute, 
unless otherwise specified), and then gradually decreased. 

CONDITIONS AND PRECAUTIONS FOR Cass 1 and Crass 2. The follow- 
ing apply to all tests: 

The WAVE SHAPE Should be approximately sinusoidal and the apparatus 
in the testing circuits should not materially distort this wave. 

The SuPPLYv Circuit should have ample current-supply capacity so that 
the charging current which may be taken by the apparatus under test 
will not matenally alter the wave form nor materially affect the test volt- 
age. The circuit should be free from accidental interruptions. 

RESISTANCE OR INDUCTANCE in series with the primary of a raising 
transformer for the purpose of controlling its voltage is hable seriously 
to affect the wave form, thereby causing the maximum value of the volt- 
age to bear a different and unknown ratio to the root mean square value. 
This method of voltage adjustment is, therefore, in general, undesirable. 
It may be noted that if а resistance or inductance is emploved to limit 
the current when burning out a fault, such resistance or inductance should 
be short circuited during the regular voltage test. 

The INsuLarion under test should be in normal condition as to dry- 
ness and the temperature should when possible be that reached in normal 
service. 

ADDITIONAL CONDITIONS AND PRECAUTIONS FOR CrAss 2. The following 
conditions and precautions, in addition to the foregoing, apply to tests 
of apparatus included in Class 2. 

SUDDEN INCREMENT ОР TESTING VOLTAGE on the apparatus under test 
should be avoided, particularly at high voltages and with apparatus having 
considerable capacity, as a momentarily excessive rise in testing voltage 
will result. 

SUDDEN VARIATIONS IN TESTING VOLTAGE of the circuit supplving the 
voltage during the test should be avoided as they are likely to set up 
injurious oscillation. 

Goop CoNxEcrIONS in the circuits supplying the test voltage are es- 
sential in order to prevent injurious high frequency disturbances from 
being set up. When a heavy current is carried by a small water rheostat, 
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arcing may occur, causing high-frequency disturbances which should be 
carefully avoided. 


241 TRANSFORMER ColLs. In high-tension transformers, the low-tension 
coil should preferably be connected to the core and to the ground when 
the high-tension test is being made, in order to avoid the stress from 
low-tension to core, which would otherwise result through condenser 
action. The various terminals of each winding of the high-tension trans- 
former under test should be connected together during the test in order 
to prevent undue stress on the insulation between turns or sections of the 
winding in case the high-voltage test causes а break-down. = — ew 4 


(C) METHODS FOR MEASURING THE Теѕт VOLTAGE. 


242 For MEASURING THE Test VOLTAGE, two instruments are in common 
use, (1) the spark gap and (2) the voltmeter. 

243 1. Tne Spark Garis ordinarily adjusted so that it will break down witha 
certain predetermined voltage, and is connected in parallel with the in- 
sulation under test. It ensures that the voltage applied to the insulation 
is not greater than the break-down voltage of the spark gap. A given 
setting of the spark gap is a measure of one definite voltage, and, as its 
operation depends upon the maximum value of the voltage wave, it is 
independent of wave form and is a limit on the maximum stress to which 
the insulation is subjected. The spark gap is not conveniently adapted 
for comparatively low voltages. 

244 In SparK-Gap MEASUREMENTS, the spark gap may be set for the re- 
quired voltage and the auxiliary apparatus adjusted to give a voltage at 
which this spark gap just breaks down. The spark gap should then be 
adjusted for, sav, 10 per cent. higher voltage, and the auxiliary apparatus 
again adjusted to give the voltage of the former breakdown, which is to 
be the assumed voltage for the test. This voltage is to be maintained 
for the required interval. 

245 The Spark Points should consist of new sewing needles, supported 
axially at the ends of linear conductors which are each at least twice the 
length of the gap. There should be no extraneous body near the gap 
within a radius of twice its length. A table of approximate striking dis- 
tances is given in Appendix D. This table should be used in connection 
with tests made by the spark-gap methods. 

246 А Non-INpuctTiIvE RESISTANCE of about one-half ohm per volt should be 
inserted in series with each terminal of the gap so as о keep the discharge 
current between the limits of one-quarter ampere and 2 amperes. The pur- 
pose of the resistance is to limit the current in order to prevent the surges 
Which might otherwise occur at the time of break-down, 

247 2. The VorTMETER gives a direct reading, and the ditferent values of the 
voltage can be read during the application and duration of the test. It is 
suitable for all voltages, and does not introduce disturbances into the test 
circuit. 

248 Іп VOLTMETER MEASUREMENTS, the voltmeter should, in general, derive 
its voltage from the high-tension testing circuit either directly or through 
an auxiliary ratio transformer. [It is permissible. however, to measure the 
voltage at other places,—tor example, on the primary of the transformer, 
provided the ratio of transformation does not matenaliy vary during the 
test; or that proper account is taken thereof. 

249 SPARK GAP AND VOLTMETER. The spark gap may be emploved as a 
check upon the voltmeter used in high-tension tests in order to determine 
the transformation ratio of the transformer, the variation from the sine 
wave form and the hke. It is also useful in conjunction with voltmeter 
measurements to limit the stress applied to the insulating material. 

(D) APPARATUS FOR SUPPLYING TEST VOLTAGE. 

250 The GENERATOR OR CIRCUIT supplying voltage for the test should 
have ample current carrying capacity, so that the current which may 
be taken for charging the apparatus to be tested will not materially alter 
the wave form nor otherwise materially change the voltage. 

The TestinG TRANSFORMER should be such that its ratio of trans- 
formation does not vary more than 10 per cent. when delivering the charg- 
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ing current required by the apparatus under test. (This may be deter- 
mined by short-circuiting the secondary or high voltage winding testing 
transformer and supplying 1/10 of the primary voltage to the primary 
under this condition. The primary current that flows under this condition 
is the maximum which should be permitted in regular dielectric tests.) 

The VoLTAGE CONTROL may be secured in either of several ways, which, 
in order of prefcrence, are as follows: 

1. By generator field circuit. 

2. By magnetic commutation. 

3. By change in transformer ratio. 

4. By resistance or choke coils. 

In GENERATOR VOLTAGE CONTROL, the voltage of the generator should 
preferably be about its approximate normal rated-load value when the 
full testing voltage is attained, which requires that the ratio of the raising 
transformer be such that the full testing voltage is reached when the gen- 
erator voltage is normal. This avoids the instability in the generator 
which may occur if a considerable leading current is taken from it 
when it has low voltage and low field current. 

In MAGNETIC COMMUTATION, the control is effected by shunting the mag. 
netic flux through a secondarv coil so as to vary the induction through 
the coil and the voltage induced in it. The shunting should be effected 
smoothly, thus avoiding sudden changes in the induced voltage. 

In TRANSFORMER VOLTAGE CONTROL, by change of ratio, it is neces- 
sary that the transition from one step to another be made without inter- 
ruption of the test voltage, and bv steps sufthciently small to prevent 
surges in the testing circuit. "The necessity of this precaution is greater 
as the inductance or the static capacity of the apparatus in the testing 
circuit under test is greater. 

When REsisTANCE Cults OR REACTORS are used for voltage control, it 
is desirable that the testing voltage should be secured when the controlling 
resistance or reactance is very nearly or entirely out of circuit in, order 
that the disturbing effect upon the wave form which results may be negli- 
gible at the highest voltage. 


F. CONDUCTIVITY. 


CoPPER. The conductivity of copper in electric wires and cables should 
not be less than 98% of Matthiessen’s standard of conductivity, as defined 
in the Copper Wire Table of the AMERICAN INsriTUTE OF ELECTRICAL 
ENGINEERS. 

G. RISE OF TEMPERATURE. 


(I) MEASUREMENT OF TEMPERATURE. 


(1) Мҥтнор. 


There are two methods in common use for determining the rise in tem- 
perature, viz.: (1) by thermometer, and (2) by increase in resistance of 
an electric circuit. | 

1. By THERMOMETER. The following precautions should be observed 
in the use of thermometers: 

a. PROTECTION. The thermometers indicating the room temperature 
should be protected from thermal radiation emitted by heated bodies, or 
from draughts of air or from temporary fluctuations of temperature. 
Several room thermometers should be used. In using the thermometer 
by applying it to a heated part, care should be taken so to protect its bulb 
as to prevent radiation from it, and, at the same time, not to interfere 
seriously with the normal radiation from the part to which it is applied. 

b. BurB. When a thermometer is applied to the free surface of a ma- 
chine, it 15 desirable that the bulb of the thermometer should be covered 
by a pad of definite area. A convenient pad may be formed of cotton 
waste in a shallow circular box about one and a half inches in diameter, 
through a slot in the side in which the thermometer bulb is inserted. An 
unduly large pad over the thermometer tends to interfere with the natural 
liberation of heat from the surface to which the thermometer is applied. 
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2. By INCREASE IN RESISTANCE. The resistance may be measured either 
by Wheatstone bridge, or by drop-of potential method. A temperature 
coefficient of 0.42 per cent. per degree C., from and at 0? C., may be assumed 
for copper. 

The temperature-coeflicients from and at each degree cent. between 
0? C. and 50? C. are given in Appendix E. The temperature rise may be 
determined either (1) by dividing the percentage increase of initial re- 
sistance by the temperature-coethcient for the initial temperature ex- 
pressed in per cent.; or (2) by multiplving the increase in per cent. of the 
initial resistance by 238.1 plus the initial temperature in degrees C., and 
then dividing the product by 100. 

3. COMPARISON OF Метнорѕ. In electrical conductors, the rise of tem- 
perature should be determined by their increase of resistance where prac- 
ticable. Temperature elevations measured in this way are usually in ex- 
cess of temperature elevations measured by thermometers. In very low 
resistance circuits, thermometer measurements are frequently more reli- 
able than measurements by the resistance method. Where a thermometer 
apphed to a coil or winding, indicates a higher temperature elevation 
than that shown by resistance measurement, the thermometer indication 
should be accepted. 


(B) NorMAL CONDITIONS FOR TESTS. 


DurRaTION or Tests. The temperature should be measured after a run 
of sufficient duration for the apparatus to reach a practically constant tem- 
perature. This is usually from 6 to 18 hours, according to the size and 
construction of the apparatus. It is permissible, however, to shorten the 
time of the test by running a lesser time on an overload їп current and 
voltage, then reducing the load to normal, and maintaining it thus until 
the temperature has become constant. 

2. RooM TEMPERATURE. The rise of temperature should be referred to 
the standard condition. of a room temperature of 25° C. 

TEMPERATURE CORRECTION. If the room [ешю during the test 
differs from 25? C., correction on account of difference in resistance should 
be made bv changing the observed rise of temperature by one-half per cent. 
for each degree C. Thus with a room temperature of 35? C., the observed 
nse of temperature has to be decreased by 5 per cent., and with a room 
temperature of 15? C., the observed rise of temperature has to be increased 
by 5 per cent. In certain cases, such as shunt-field circuits. without 
rheostat, the current strength will be changed by a change of room tem- 
perature. The heat-production and dissipation may be thereby affected. 
Correction for this should be made by changing the observed rise in tem- 
perature in proportion as the /? К loss in the resistance of the apparatus 
is altered owing to the difference in room temperature. 

3. BAROMETRIC PRESSURE. VENTILATION. A barometric pressure of 760 
mim. and normal conditions of ventilation should be considered as stand- 
ard, and the apparatus under test should neither be exposed to draught 
nor enclosed, except where expressly specified. The. barometric pressure 
needs to be considered only when differing greatly from 760 mm. 

BAROMETRIC PRESSURE CORRECTION, When the barometric pressure 
differs greatly from the standard pressure of 760 mm. of mercury, as at 
high altitudes, a correction should be applied. In the absence of more 
accurate data, a correction of 155 of the observed rise in temperature for 
each 10 min. deviation from the 760 m.m. standard 1s recommended. For 
example at а barometric pressure of 650 mm. the observed rise of tempera- 


| 700—650 
ture 15 to be reduced by ^ 710 = 85. 


(1) LIMITING TEMPERATURE RISE. 


GENERAL. The temperature of electrical machinery under regular service 
conditions, should never be allowed to remain at a point at which per- 
manent deterioration of its insulating material takes place. 

Limits RECOMMENDED. Jt is recommended that the following maximum 
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values of temperature elevation, referred to a standard room temperature 
of 25 degrees centigrade, at rated load under normal conditions of ven- 
tilation or cooling, should not be exceeded. 

(А) MACHINES IN GENERAL. 

In commutating machines, rectifying machines, pulsating-current gen- 
erators, synchronous machines, synchronous commutating machines and 
unipolar machines, the temperature rise in the parts specified should not 
exceed the following: 

Field and armature, 50? C. 

Commutator and brushes, by thermometer, 55? C. 

Collector rings, 65° G 

Bearings and other parts of machine, by thermometer, 40? C. 

(B) КотАкү INDUCTION APPARATUS. The temperature rise should not 
exceed the following: 

Electric circuits, 50° C., by resistance. 

Bearings and other parts of the machine 40° C, by thermometer. 

In squirrel-cage or short-circuited armatures, 55° C., by thermometer, 
may be allowed. 

(C) STATIONARY INDUCTION APPARATUS. 

a. TRANSFORMERS FOR CONTINUOUS SERVICE. The temperature rise 
should not exceed 50 degrees centigrade in electric circuits, by resistance; 
and in other parts, by thermometer. 

b. TRANSFORMERS FOR INTERMITTENT SERVICE. In the case of trans- 
formers intended for intermittent service, or not operating continuously 
at rated load, but continuously in circuit, as in the ordinary case of hyhting 
transformers, the temperature elevation above the surrounding air-tem- 
perature should not exceed 50° C., by resistance in electric circuits and 
by thermometer in other parts, after the period corresponding to the 
term of rated load. In this instance, the test load should not be applied 
until the transformer has been in circuit for a sufficient time to attain 
the temperature elevation due to core loss. With transformers for com- 
mercial lighting, the duration of the rated-load test may be taken as three 
hours, unless otherwise specified. 

c. Reactors, induction- and magneto-regulators—electric circuits by 
resistance and other parts by thermometer, 50° C. 

a. LARGE APPARATUS. Large generators, motors, transformers, or other 
apparatus in which rehability and reserve overload capacity are important, 
are frequently specified not to rise in temperature more than 40 degrees 
centigrade under rated load and 55 degrees centigrade at rated overload. 
It is, however, ordinarily undesirable to specify lower temperature eleva- 
tions than 40 degrees centigrade at rated load, measured as above. 

(D) RukosrArs. 

In RuHeostats, Heaters and other electrothermal apparatus, no com- 
bustible or inflammable part or material, or portion liable to come in 
contact with such material, should rise more than 509 C. above the sur- 
rounding air under the service conditions for which it is designed. 

a. Parts OF RH&osrATS.. Parts of rheostats and similar apparatus rising 
in temperature, under the specified service conditions, more than 50? C., 
should not contain any combustible material, and should be arranged or 
installed in such a manner that neither they, nor the hot air issuing from 
them, can come in contact with combustible material. 

(E) Limits RECOMMENDED IN SPECIAL CASES. 

a. Heat Resisting INSULATION. With apparatus in which the insu- 
lating materials have special heat-resisting qualities, а higher temperature 
elevation 1s permissible. 

b. HIGH Ак TEMPERATURE. In apparatus intended for service in places 
of abnormally high temperature, a lower temperature elevation should be 
specified. 

с. APPARATUS SUBJECT TO OvERLOAD. In apparatus which bv the nature 
of its service may be exposed to overload, or is to be used in very 
high voltage circuits, a smaller rise of temperature is desirable than 
in apparatus not liable to overloads or in low-voltage apparatus. In 
apparatus built for conditions of limited space, as railway motors, a higher 
rise of temperature must be allowed. 
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d. APPARATUS FOR INTERMITTENT SERVICE. In the case of apparatus 
intended for intermittent service, except railway motors, the temperature 
elevation which is attained at the end of the period corresponding to the 
term of rated load, should not exceed the values specified for machines 
in general. In such apparatus the temperature elevation, including rail- 
way motors, should be measured after operation, under as nearly as pos- 
sible the conditions of service for which the apparatus is intended, and 
the conditions of the test should be specified. 


H. OVERLOAD CAPACITIES. 


PERFORMANCE WITH OvERLOAD. All apparatus should be able to carry 
the overload hereinafter specified without serious injury by heating, spark- 
ing, mechanical weakness, etc., and with an additional temperature rise 
not exceeding 15? C., above those specified for rated loads, the overload 
being applied after the apparatus has acquired. the temperature corre- 
sponding to rated load continuous operation. Rheostats to which no 
temperature rise limits are attached are naturally exempt from this addi- 
tional temperature rise of 15? C. under overload specified in these rules. 

NORMAL CONDITIONS. Overload guarantees should refer to normal con- 
ditions of operation regarding speed, frequency. voltage, etc., and to non- 
inductive conditions in alternating apparatus, except where a phase dis- 
placement is inherent in the apparatus. 

OVERLOAD CAPACITIES RECOMMENDED. The following overload capaci- 
ties are recommended: 

a. GENERATORS. Direct-current. generators and alternating-current 
generators, 25 per cent. for two hours. 

b. Motors. Direct-current motors, induction motors апа synchronous 
motors, not including dailway and other motors intended for intermittent 
service, 20 per cent. for two hours, and 50 Rer: cent. tor one minute. 

€. CONVERTERS. Synchronous converters, 25 per cent. for two hours, 
50 per cent. for one-half hour. 

d. TRANSFORMERS AND RECTIFIERS. Constant-potential transformers and 
rectifiers, 25 per cent. for two hours: except in transformers connected to 
apparatus for which a different overload is guaranteed, іл which case the 

same guarantees shall apply for the transformers as for the apparatus 
connected thereto. 

c. Excirers. Exciters of alternators and other synchronous machines, 
10 per cent. more overload than is required for the excitation of the svn- 
chronous machine at its guaranteed overload, and for the same period of 
time. All exciters of alternating-current, single-phase or polyphase gen- 
erators should be able to give at its rated speed, sufficient voltage and 
current to excite the alternator, at the rated speed, to the full-load ter- 
minal voltage, at the rated output in kilovolt-amperes and with 50 per 
cent. power factor. 

}. A CONTINUOUS-SERVICE RHEOSTAT, such as an armature- or field- 
regulating rheostat, should be capable of carrving without injury for two 
hours, a current 25 per cent. greater than that at which it is rated. It 
should also be capable of carrving for one minute a current 50 per cent. 
greater than its rated load current, without injury. This excess of ca- 
pacity 1s intended for testing purposes only, and this margin of capacity 
should not be relied upon in the selection of the rheostat. 

g. An INTERMITTENT SERVICE OR MOroR-STARTING RHEOSTAT is used for 
starting a motor from rest and accelerating it to rated speed. Under 
ordinary conditions of service, and urless expressly stated otherwise, a 
motor is assumed to start in fifteen seconds and with 150%, of rated cur- 
rent strength. A motor-starter should be capable of starting the motor 
under these conditions once everv four minutes for one hour. 

(a) This Test may be carried out either by starting the motor at four- 
minute intervals, or by placing the starter at normal temperature across 
the maximum voltage for which it is marked, and moving the lever uni- 
formly and gradually from the first to tbe last position during a period 
of fifteen seconds, the current being maintained substantially constant 
at said 509 excess by introducing resistance in series or by other suitable 
means. 
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(6) OTHER RHEOSTATS FOR INTERMITTENT-SERVICE are emploved under 
such special and varied conditions, that no general rules are applicable to 
them. 


III. VOLTAGES AND FREQUENCIES. 
A. VOLTAGES. 


DIRECT-CURRENT GENERATORS. In direct-current, low-voltage gener- 
ators, the following average terminal voltages are in general use and are 
recommended: 


125 volts. 250 volts. 550 to 600 volts. 


Low-VorTAGE Circuits. In direct-current and alternating-current low- 
voltage circuits, the following average terminal voltages are in general use 
and are recommended: 


110 volts. 220 volts. 

PRIMARY DistrRIBUTION CiRCUITS.. In alternating-current, constant- 
potential, primarv-distribution circuits, an average voltage of 2,200 volts, 
with step-down transformer ratios 1/10 and 1/20, is in general use, and is 
recommended. 


TRANSMISSION CIRCUITS. In alternating-current constant-potential 
transmission circuits, the following average voltages are recommended. 
6,600 11,000 22,000 33,000 44,000 66,000 88,000 


TRANSFORMER Ratio. It is recommended that the standard transformer 
ratios should be such as to transform between the standard voltages above 
named. The ratio will, therefore, usually be an exact multiple of 5 or 
10, e. g., 2,200 to 11,000; 2,200 to 44,000. 

RANGE IN МоітАСА. In alternating-current generators, or generating 
systems, a range of terminal voltage should be provided from rated voltage 
at no load to 10 per cent. in excess thereof, to cover drop in transmission. 
If a greater range than ten per cent. is specified, the generator should he 
considered as special. 


B. FREQUENCIES. 


In ALTERNATING-CURRENT CinCUITS, tbe following frequencies are, 
standard: 
205 60^ 


These frequencies are already in extensive use and it is deemed ad- 
visable to adhere to them as closely as possible. 


IV. GENERAL RECOMMENDATIONS. 


NAME Р„АтЕ$. Allelectricalapparatus should be provided with a name 
plate giving the manufacturer's name, the voltage andthe current in 
amperes for which it is designed. Where practicable, the kiiowatt capacity, 
character of current, speed, frequency, type, designation апа serial 
number should be added. 

DIAGRAMS OF Connections. All electrical apparatus when leaving the 
factory should be accompanied bv a diagram showing the electrical 
connections and the relation of the different parts in suflicient detail 
to give the necessary information for proper installation. 

Rueostat Data. Every rheostat should be clearly and permanently 
marked with the voltage and amperes, or range of amperes, for which 
it is designed. 

CoLonED IxpicATING Licurs. When using colored indicating lights 
on switch-boards. red should denote danger such as '' switch closed,” 
or “circuit alive ":;* green should denote safety, such as '' switch open,” 
or “circuit dead." 
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When white liphts are used a light turned on should denote danger. 
such as '' switch closed '' or “ circuit alive ''; while the light out should 
denote safety, such as “switch open," or ‘circuit dead."  Low-eth- 
ciency lamps should be used. 

The use of colored lights is recommended, as safer than white I'ghts. 

GROUNDING MkErAL. Work. It is desirable that all metal work near 
high potential circuits be grounded. 

CIRCUIT OPENING Devices. The following definitions are recommended. 

а. А CIRCUIT-BREAKER 15 an apparatus for breaking a circuit at the 
highest current which it may be called upon to carry. 

b. A DiscoxNEcrIiNG SwirCH is an apparatus designed to open a circuit 
only when carrving little or no current. 

с. An AUTOMATIC CIRCUIT-BREAKER is an apparatus for breaking a cir- 
cuit automatically under an excessive strength of current. It should be 
capable of breaking the circuit repeatedly at rated voltage and at the 
maximum current which it may be called upon to carry. 


V. APPENDICES AND TABULAR DATA. 
APPENDIX А. NOTATION. 


The following notation is recommended: 
E, c, voltage, ean.f., potential ditierence 
I, 1, current 
P. power 
. magnetic flux 
®, B, magnetic density 
R, r, resistance 
a, reactance 
Z, 2. impedance 
L, 1, inductance 
C, c, capacity 
Y, у. admittance 
b, s isceptance 
G, g. conductance 
Vector quantities when used should. be denoted by capital italics. 


APPENDIX B.—RAILWAY MOTORS, 
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INTRODUCTORY NorE ом Rating. Railway motors usually operate in 
a service in which both the speed and the torque developed by the motor 
ате varvine almost continually. The average requirements, however, 
during successive hours in a given class of service are fairly uniform. On 
account of the wide variation of the instantaneous loads, it 18 impracticable 
to assign. апу simple and definite rating to a motor which will indicate 
accurately the absolute capacity of a given motor or the relative capacity 
of different moters under service conditions. [t is also impracticable to 
select a motor fora particular service without much fuller data with regard 
both to the metor and to the service than is required, for example, in the 
саке of stationary motors Which run at constant speeds. 

SCOPE OF NOMINAL RATING. [tis common usage to give railway motors 
a nominal rating in horse power on the basis of a one-hour test. As above 
explained, а simple rating of this kind is not à proper measure of service 
capacity. This nominal rating, however, indicates approximately the 
maximum output which the motor should ordinarily be called upon to 
develop during acceleration, Methods of determining the continuous 
capacitw of a таймау motor for service requirements are given under a 
subsequent heading. 

The NominaL КАТІХС of a railway motor is the horse-power output at 
the car-axle, that is, meluding gear and other transmission losses, which 
gives a rise of temperature above the surrounding air (referred to a room 
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temperature of 25 degrees cent.) not exceeding 90 degrees cent. at the 
commutator and 75 degrees Cent. at any other part after one hour's con- 
tinuous run at its rated voltage (and frequency, in the case of an alter- 
nating-current motor) on a stand, with the motor-covers removed, and 
with natural ventilation. The rise in temperature is to be determined 
by thermometer, but the resistance of no electrical circuit in the motor 
shall increase more than 40% during the test. 


(П) SELECTION OF MOTOR FOR SPECIFIED SERVICE. 

GENERAL REQUIREMENTS. The suitability of a railway motor for a speci- 
fied service depends upon the following considerations: 

a. Mechanical ability to develop the requisite torque and speeds as 
given by its speed-torque curve. 

b. Ability to commutate successfully the current demanded. 

c. Ability to operate in service without occasioning a temperature rise 
in any part which will endanger the life of the insulation. 

OPERATING Conpirions, TypicaAL Run. The operating conditions which 
are important in the selection of a motor include the weight of load, the 
schedule speed, the distance between stops, the duration of stops, the rate 
of acceleration and of braking retardation, the grades and the curves. 
With these data at hand, the outputs which are required of the motor may 
be determined, provided the service requirements are within the limits of 
the speed-torque curve of the motor. These outputs may be expressed 
in the form of curves giving the instantaneous values of current and of 
voltage Which must be applied to the motor. Such curves may be laid 
out for the entire line, but they are usually constructed only for a certain 
average or typical run, which is fairly representative of the conditions of 
service. To determine whether the motor has sufficient capacity to per- 
form the service safely, further tests or investigations must be made. 

Capacity Test OF RaiLway MOTOR IN Service. The capacity of a 
railway motor to deliver the necessary output may be determined by 
measurement of its temperature after it has reached a maximum in ser- 
vice. lf a running test cannot be made under the actual conditions of 
service, an equivalent test may be made їп a typical run back and forth, 
under such conditions of schedule speed, length of run, rate of acceleration, 
etc., that the test cycle of motor losses and conditions of ventilation are 
essentially the same as would be obtained in the specified. service. 

METHODS OF COMPARING MOTOR CAPACITY WITH SERVICE REQUIREMENTS. 
Where it is not convenient to test motors under actual service condi- 
tions or in an equivalent typical run, recourse may be had to one of the 
two following methods of determining temperature rise now in general 
use: 

1. METHOD Bv LossES AND THERMAL CAPACITY CuRVES. The heat de- 
veloped in a railway motor is carried partly by conduction through the 
several parts and partly by convection through the air to the motor-frame 
whence it is distributed to the outside air. As the temperature of the 
several parts is thus dependent not only upon their own internal losses 
but also upon the temperature of neighboring parts, it becomes necessary 
to determine accurately the actual value and distribution of losses in a 
railway motor for a given service and reproduce them in an equivalent 
test-run The results of a series of typical runs expressed in the form of 
thermal capacity curves will give the relation between degrees rise per watt 
loss 1n the armature and in the field for all ratios of losses between them 
met with 1п the commercial application of a given motor. 

This method consists, therefore, in calculating the several internal 
motor losses in a specified service and determining the temperature rise 
with these losses from thermal capacity curves giving the degrees rise 
per watt loss as obtained in experimental track tests made under the same 
conditions of ventilation. 

The following motor losses cause its heating and should be carefully 
determined for a given service: J? R in the field; Z? R in the armature; 
I* R in the brush contacts, core loss and brush friction. 

The loss in the bearings (in the case of geared motors) also adds some- 
what to the motor-heating, but owing to the variable nature of such 
losses they are generally neglected in making calculations. 
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339 2. Metuon nv Continuous Capacity oF Motor. The essential losses 
in the motor, as found in the typical run, are in most cases those in the 
motor windings and in the core. The mean service conditions may be 
expressed in terms of the current which would produce the same losses 
in the motor windings and the voltage which, with that current, would 
produce the same core losses as the average in service. The continuous 
capacity of the motor is given in terms of the amperes which it will carry 
when run on a testing stand— with covers on or off, as specified—at dif- 
ferent voltages, sav, 40, 60, 80 and 100 per cent. of the rated voltage— 
with a temperature rise not exceeding 90 degrees at the commutator and 
75 degrees at any other part, provided the resistance of no electric circuit 
in the motor increases more than 40 per cent. А comparison of the equiva- 
lent service conditions with the continuous capacitv of the motor will de- 
termine whether the scrvice requirements are within the safe capacitv of 
the motor. 

340 This method affords a ready means of determining whether a specified 
service is within the capacity of a given motor and it is also a convenient 
approximate method for comparing the service capacities of different motors. 


APPISNDIX C. PHOTOMETRY AND LAMPS 


341 CANDLE-PoWER. The luminous intensity of sources of light is expressed 
in candle-power. The unit of candle-power should be derived from the 
standards maintained by the National Burn of Standards at Washington, 
D. C., which standard unit of candle-power equals 100/55 of the Hefner 
unit under Reichsanstalt standard conditions for the Hefner. In prac- 
tical measurements seasoned and carefully standardized incandescent 
lamps are more reliable and accurate than the primary standard. 

342 CANDLE-LUMEN. The total flux of light from a source is equal to its 
mean spherical intensity multiplied by 4 =. The unit of flux is called the 


andle-Iumen.— A candle lumen 15 the —th part of the total flux of light 
47 
emitted by a source having a mean spherical intensity of one candle-power. 

343  CaNpLE-METER. The unit of illumination is the candle-meter. This 15 
the normal illumination. produced by one unit of candle-power at a dis- 
tance of one metre. 

344 a. CaNDpLE-Foor. lllumination is occasionally expressed in candle-feet. 
A candle-foot 1s the normal illumination produced by one unit of candle- 
power at a distance of one foot. 

345  lcandle-foot = 10.764 candle-metres. 

The use of the candle-metre unit is preferable and is recommended. 

346 The ErricikNcYy oF Evectric Lamps is properly stated in terms of mean 
spherical candle-power рег watt at lamp terminals. This use of the term 
efficiency 15 to be considered as special, and not to be confused with the 
generally accepted definition of efhiciency in Sec. 85. 

347 a. EFFICIENCY, AUXILIARY Devices. Inilluminants requiring auxiliarv 
power-consuming devices outside of the luminous body, such as steadving 
resistances 1n constant potential are lamps, a distinction should be made 
between the net ctticieney of the luminous source and the gross ећсіепсу 
of the lamp. This distinction should always be stated. The gross eth- 
ciency should include the power consumed in the auxiliary resistance, etc. 
The net etticiency should, however, include the power consumed in the 
controlling. mechanism of the lamp itself. Comparison between such 
sources Of light should be made on the basis of gross efficiency, since the 
power consumed in the auxiliary device is essential to the operation. 

348 b. A STANDARD CIRCUIT VoLrace of 110 volts, or a multiple thereof may 
be assumed, except where expresslv stated otherwise. 

349 Warts PER CANDLE. The specific consumption of an electric lamp is 
its watt consumption per mean spherical candle-power. “ Watts per 
candle " is the term used commerciaily in connection with incandescent 
lamps, and denotes, watts per mean horizontal candle-power. 

350 PHOTOMETRIC TrEsts in which the results are stated іп candle-power 
should always be made at such a distance from the source of light that 
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the latter may be regarded as practically a point. Where tests are made 
at shorter distances, as for example in the measurement of lamps with 
reflectors, the results should always be given as “ apparent candle-power ' 
at the distance employed, which distance should always be specifically 
stated. 

Basis FOR COMPARISON. Either the total flux of light in candle-lumens, 
or the mean spherical candle-power, shou!d always be used as the basis 
for comparing various luminous sources with each other, unless there is 
a clear understanding or statement to the contrary. 

INCANDESCENT Lamps, RariNG. It is customary to rate incandescent 
lamps on the basis of their mean horizontal candle-power; but in com- 

aring incandescent lamps in which the relative distribution of luminous 
intensity differs, the comparison should be based on their total flux of 
light measured in lumens, or on their mean spherical candle-power. 

The SPHERICAL REDUcTION-F ACTOR of a lamp 


mean spherical candle-power 
mean horizontal candle-power 

The TorArL Fiux of light in candle-lumens emitted by a lamp = 4 xz X 
mean horizontal candle-power x spherical reduction-factor. 

The SPHERICAL REDUCTION-Factor should only be used when properly 
determined for the particular type and characteristies of each lamp. 
The spherical reduction-factor permits of substantially accurate com- 

arisons being made between the mean spherical candle-powers of dif- 
lereni types of incandescent lamps, and may be used in the absence of 
proper ае for direct measurement of mean spherical intensity. 

" READING DisrANcE." Where standard photometric measurements 
are impracticable, approximate measurements of iluminants such as 
street lamps may be made by comparing their "reading distances; ” t.e., 
by determining alternately the distances at which an ordinary size of 
reading print can just be read, by the same person or persons, when all 
other light is screened. The angle below the horizontal at which the 
measurement is made should be specified when it exceeds 15°. 

In COMPARING DIFFERENT Luminous Sources not only should their 
candle-power be compared, but also their relative form, intrinsic brilliancy, 
distribution of illumination and character of light. 


APPENDIX D. SPARKING DISTANCES. 


368 Table of Sparking Distances in Air between Opposed Sharp Needle- 
Points, tor Various Effective Sinusoidal Voltayes, in inches and in centi- 
metres. The table applies to the conditions specified in Secs. 240-246. 
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Kilovolts Distance. Kilovolts Distance. 
Sq. Root of Sq. Root of 
Mean Square Inches Cms. Mean Square Inches Cms. 
РОР 0.225 0.57 ] HUS eu лышы Ажа s UO 35.4 
ID sob oes 0.47 1.19 DOs sch a нз жызи eee”) 38.1 
ОБ bea eels ite о 0.725 1.84 LOO Em 16.05 40.7 
PA M TOT E erg 1.0 2.54 Id oec ep Ss 17.10 43.4 
ОЕР ТИ 1.3 3.8 DS ud. ооа 18.15 46.1 
РУТ 1.625 4.1 LU КЕРЕККЕ ОЛЕ 19.20 48.8 
Sr; OPI) 531 AUI E PC 20.25 51.4 
АО b aut 2.45 6.2 LAE aa. secu Koes tees 21.30 54.1 
40:15 V epe Peg 2.05 7-5 255.3 TE E EE КЕЕ РЫ 56.8 
О) ша ей ela ates 3.50 9.0 dU es sator 22 s 59.4 
OOS ее ныша 4.65 11.8 ЭА cede aces ead 24.45 62.1 
dA es aui t xr алк . 5.85 14.9 РРО 25.50 64.7 
BO Lou oa es 7.1 18.0 260............... 26.50 67.3 
SU). жаи Gets ae aks 8.35 21.3 RU ETE EE НК АСИР 27.50 69.8 
TUNES ane eon ccs o Ve 9.6 24.4 ОН doceo istnd 28.50 42.4 
I Ua о 10.75 27.3 SU) ciu da atte ee ыжы 29.50 44.9 
1205 2 98 eee uaa 11.85 30.1 ЗОО oce жш ud 30.950 77.4 
130 авео FAS 232.8 
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APPENDIX E. TEMPERATURE COEFFICIENTS. 


360 = Table of Temperature Coetlicients of Resistivity in Copper at Different 
Initial Temperatures Centigrade. 


Initial Temp. coetlicient. Initial Temp. coefficient. 
temperature in percent. per [temperature in percent. рет 
cent. degree cent. degree cent. 


| Mc E 0.4200 

| Mp PIC herd ol eee 0.4182 

| MET NCC EY 0 4165 

ise Dien RU 0.4148 f © 29................ 

| T———n ыЫ 0.4131 

SCHERMO RENS 0.4114 

PETRA TEMERE 0.4007 Po —3-................ 

Oak о 0.4080 Fo — 3A3.... ........... 

"HR M RNC DE 0.40038 | © )34................ 

ОРОО" 0.4047 
Т PPP RET 0.4031 DU cu tance: оч . 96 
bb sciencie Rupe ui 0.4015 o YE ee en ee re | i 
| PLE 0.3999 Fo JN...............- 
ЇЗ E шашын 0. 3083 dU uoto Su iE ais 
Е a eae DP 0.3967 E 40................ 
РИУ eee ee 0.3951. E © 41................ 
n nC 0.30430 P — Wes wk 
К ктуу otters 0.3920 o -———— d» 0.3557 
|f. E оа 0.3905 AT. ook aie pA 0.3545 
MES See та алкин 0.3890 d uec. ebur BAL ue 0.3532 
uj; pM Er 0.3815 40. 253 Sod numi 0.3520 
а En 0.3860 dd suh uon act oto batt 0.3508 
co MERE ыы eet Be у. 0.3845 da t NL клеш: 0.3495 
Roo OR D PERIERE: 0.3830 S DEM Жылдын 0.4383 
1 РОТОВУ: 0.3815 DU dett scs M BUE EA 0.3471 
БАТ КОЛКО ted 0.3801 


The fundamental relation between the increase of resistance in copper 

and the rise of temperature mav be taken as 
№ = Ky 1 +0.0042 0) 

where A, is the resistance of the copper conductor at 0? C. and К, is the 
corresponding resistance at # C. This is equivalent to taking a tempera- 
ture coettiicient of 0.42603 per deg. C. temperature rise above 0° С. For 
initial temperatures other than 0" C., a similar formula may be used sub- 
stituting the coetlicients in the above table corresponding to the actual 


initial temperature. The formula thus becomes at 25° C 


0.3801 r 
К;+„= Ri (l4: -) 
poe p ef) 
where A; is the initial resistance at 25° С. Rye, the final resistance and 
r the temperature rise above 25° C. 
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In order to find the temperature rise in degrees cent. from the initial 
resistance К; at the initial temperature i? C.and the final resistance К+; We 
may use the formula 


r = (238.14 i) тар degrees С. 
t 


See Sec. 265. 


HISTORY OF THE STANDARDIZATION RULES A.I.E.E. 


In CONNECTION WITH THE PRESENTATION OF THE STANDARDIZATION RULES 
TO THE AMERICAN INSTITUTE ELECTRICAL ENGINEERS AT THE 23D 
ANNUAL CONVENTION HELD ar NIAGARA FALLs, JUNE 27, 1907. 


— — 


The first step taken by the Institute toward the standardization of 
electrical apparatus апа methods was a topical discussion on *'' The 
Standardization of Generators, Motors and Transformers," which took 
place simultaneously in New York and Chicago on the evening of Jan- 
чагу 26, 1898. This discussion appears in the Institute TRANSACTIONS, 
Vol. XV, pages 3 to 32. The opinions expressed were generally favor- 
able to the scheme of standardization of electrical apparatus, although 
some members feared that difficulties might arise. As a result of this 
discussion, a Committee on Standardization was appointed by the 
Council of the Institute, consisting of the following members: 


Francis B. CROCKER, Chairman. 


Cary Т. HUTCHINSON CHARLES P. STEINMETZ 
ARTHUR E. KENNELLY Lewis B. STILLWELL 
Joun W. LiEB, JR. Eriuv THOMSON 


After a careful consideration of the matter and consultation with the 
members of the Institute and interested parties generally, a ‘ Report 
of the Committee on Standardization." was presented and accepted by 
the Institute, June 26, 1899. These original rules appeared in the 
Institute TRANSACTIONS, Vol. XVI, pages 255 to 2068. 

As a result of changes and developments in the clectric art, it was 
subsequently found necessary to revise the original report, this work 
being carried out by the following Committee on Standardization: 


Francis B. Crocker, Chatrman. 


ARTHUR E. KENNELLY CHARLES P. STEINMETZ 
Jonn W. Lies, Jr. Lewis B. STILLWELL 
С. О. MAILLoux ELU THOMSON 


This revised report was adopted at the 19th Annual Convention at 
Great Barrington, Mass., on June 20, 1902, and appears in the Institute 
TRANSACTIONS, Vol. XIX, pages 1075 to 1092. 

In consequence of still further change and development in electrical 
apparatus and methods, it was decided in September, 1905, that a second 


t 
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revision was needed, and the following Committee was appointed to do 
this work: 

Francis B. CROCKER, Chairman. 

ARTHUR E. KENNELLY, Secretary. 


HENRY S. CARHART CHARLES F. ScorT 
Joun W. LiEB, JR. CHARLES P. STEINMETZ 
C. O. MAILLouXx Henry G. STOTT 
RoBERT B. OWENS S. W. STRATTON 


This Committee held monthly meetings and carried on extensive corre- 
spondence with manufacturers, consulting and operating engineers and 
other interested parties, and as a result, presented its report at the 
23d Annual Convention, held at Milwaukee, May 28-30, 1906. After 
considerable discussion the report was accepted and referred back to 
the Committee for amendment and rearrangement in form. It was 
then to be submitted to the Board of Directors for final adoption. In 
September, 1906, the following Standardization Committee was appointed: 


Francis B. CROCKER, ( hairman. 
ARTHUR E. KENNELLY, Secretary. 


А. W. BERRESFORD " CHARLES Р. STEINMETZ 
C. О. MaiLLoUux Henry G. STOTT 
R. B. OWENS S. W. STRATTON 
CHARLES F. Scott Erinu THOMSON 


This Committee held monthly meetings, also sub-committee meetings, 
and carefully referred the tules as a whole, and cach part of them, to 
the members of the Institute. The rules were also entirely rearranged 
as to form, and put. in shape to facilitate ready reference to them and 
enable future revisions to. be made without breaking up the logical 
arrangement. Thus amended the rules were submitted to the Board of 
Directors and approved bv it on June 21, 1907. The Board also directed 
that the rules should be presented, as accepted by the Board, at the 
Annual Convention held at Niagara Falls, June 24 to 27, 1907, which 
action was taken by President Sheldon on June 26, 1905. By the Con- 
stitution which went into effect June 10, 1907, this Committee has been 
made a standing committee with the title “ Standards Committee,’’con- 
sisting of nine members. 


A paper presented at the 24th Annual Conven- 
tion of the American Inststute of Electrical En- 
gineers, Niagara Falls, N. Y., June 27, 1907. 


Copyright 1907. By A. I. E. E. 


ON THE CONCENTRIC METHOD OF TEACHING 
ELECTRICAL ENGINEERING 


BY V. KARAPETOFF 


Introduction. The aims in teaching electrical engineering 
must be in accord with the demands of the electrical industry, 
and with the needs of the country, broadly understood. The 
details of electrotechnical pedagogics should properly be dis- 
cussed among the teachers themselves, but the principles and 
the aims should be established through close coóperation with 
national technical bodies, such as the American Institute of 
Electrical Engineers. 

The manufacturer of machinery learns from the user in how 
far his product has been successful; so the teachers of electrical 
engineering turn to the representatives of the electrical industry 
at large for advice and direction. The teacher of engineering 
wants to know what product is desired, and what faults are found 
in present technical graduates. 

The concentric method of education outlined below is one 
which it 1s thought will supply the needs of industry better than 
the present method. From theory to practice 15 the present motto; 
from practice to theory is the new principle proposed. 


SoME REMARKS ON THE PRESENT METHOD 


The established educational custom is to begin the teach- 
ing of every technical subject with theory, gradually turning to 
practice,as based on theory. That this method is the only 
logical one has seemed to be almost self-evident, it being gen- 
erally understood that practice cannot be taught without theory. 
But the question is, can theory be successfully taught without 

1107 


1108 KARAPETOFF: CONCENTRIC METHOD [June 27 


previous practice? Is teaching engineering merely the filling 
‘of a man's mind with detached facts, or does it mean developing 
his ability, to the end that he may think logically in his 
profession, getting correct results by correct processes? If 
the latter, the coóperation of the student must be secured 
at the very start and maintained throughout the course. The 
immature mind of eighteen years 1s entirely blank so far as the 
theory and practice of engineering are concerned. Сап this 
coóperation be secured more easily by teaching him abstract 
auxiliary sciences, like mathematics, mechanics, and physics, 
as 15 now done, or by hurrying him into his profession at the 
very outset ? 

The writer’s principal objection to the present method of 
teaching engineering is that student is burdened with abstract 
auxiliary sciences during the first two years of his college course, 
before he has had even a taste of his profession. The conscious co- 
Operation of the student is not assured. Rather, he follows the 
prescribed courses blindly on the supposition that he is being 
properly cared for. It always reminds me of going to a dentist 
or to a barber, where we pay а specialist and passively submit 
to an unpleasant but inevitable operation. 

It is perfectly evident to us that mathematics and mechanics, 
physics and chemistry, constitute necessary correlatives for 
engineering courses, just as history and economics are necessary 
for the study of the law. But this is not obvious to the beginner; 
he is all at sea in studying subjects without knowing their 
application. All auxiliary subjects of study must follow the 
principal study and not precede it, as ds the case with the present 
system. I know this would mean to reverse entirely all the 
present plans of instruction, but what is right ought to be done 
at any cost. 

No subject should be taught in which an interest can not be 
aroused. This means, do not begin with the elements, because 
they are not interesting; “begin fromtheend.” In teaching Latin 
do not give in the freshman year dry grammar and other dead 
stuff. Begin by reading the best examples of Roman literature 
in English translations. Then let the boys decide whether it 
is worth while for them to spend several years in studying the 
language in order to enjov these same monuments of human 
genius in their original form. Is not a great mistake com- 
mitted continually in making our young people study dead lan- 
guages for vears, only to find in the end that ninety-nine per cent. 
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of them cannot then read Latin and Greck authors well enough 
to enjoy them. 

The same mistake 15 made in mechanic arts, by beginning the 
course with elementary operations, forging, filing, etc., which 
arouse very little interest. Let the freshman begin his work 
by making a simple but complete piece of apparatus, wherein 
all the essential operations enter in their simplest form; let him 
discover himself the necessity of all these operations, then 
begin tostudy them in detail. If a student cannot be interested 
in making a piece of machinery where he has to perform 
all shop operations, this student is not fitted for the engineer- 
ing course, and should be advised to change his specialty. 
But 1} he 15 interested, then his cooperation ts assured and 
it becomes an easy task to teach him the details of his profes- 
sion. 

À great problem before technical educators 1s the evil of carly 
specialization. But teaching mathematics and physics is no 
remedy; a true broadening effect is exerted only by a study of 
actual life, of practical economic conditions. Explain to the 
freshman the significance that various branches of enyinecring 
possess for the welfare of the country; this will have a much 
more broadening effect than studying the equation of an ellipse 
or the properties of barium. This is exactly what the proposed 
concentric method has in view, as may be gathered by reference 
to the schedules in the appendix to this paper. 

In colleges of applied science all courses of instruction should 
consist,in the freshman ycar,in explaining the practical side of 
the profession and the social standing and opportunities of men 
in them. The engineering colleges should demonstrate the 
operation and application of all kinds of machinery; the prac- 
tical side of building bridges and constructing railroads, ete. 
The college of law should have popular lectures on the practical 
work of lawyers, judges, and other men engaged in preserving 
justice among men. The college of medicine should give 
practical demonstrations in different specialties of medical work, 
and soon. А freshman should be offered an opportunity to go 
to all these lectures and to see what specialty he likes best. Let 
him even lose (?) a year if he has not selected any profession; for 
this is much better than to study three years under the present 
system, and, after coming to his senior year, to the practical side 
of his profession, to find himself sadly mistaken in his expecta- 
tions, 


1110 КАКАРЕТОЕЕ: CONCENTRIC METHOD [June 27 


Let us begin from the end, then, let us exchange the freshman 
and the senior years; let us first give the student the fruits of 
knowledge; then, if he likes them, he will be interested to learn 
of their theories and foundations. Of course, freshmen cannot be 
taught engineering orlawin the same way that these subjects 
are taught to juniors and seniors; but who would venture to say 
that these subjects could not be taught in a more popular and 
interesting manner than at present? 


WHAT THE CONCENTRIC METHOD Is 


The method of instruction for which the author stands may 
properly be called the '* concentric method,” and is represented 


Fic. 1 —Concentrically widening the student's mental horizon 


graphically (Fig. 1) by a series of concentric circles; each zone 
comprises as far as possible the whole scope of a given 
specialty. "The knowledge represented by different zones differs 
only in the degree of specialization. 

During the freshman year (inner circle) the student is intro- 
duced to the whole scope of his profession, though in a very 
elementary, popular manner. The next year (second zone) 
he studies the same subjects from a somewhat more special 
point of view. The third zone represents the same subjects 
still more advanced, etc. For example, in applying this method 
to the study of history, the first zone would represent a broad 
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sketch of the destinies of different nations; the next zone would 
be a more detailed treatment of the most important historical 
periods; the third zone might include a critical study of original 
sources and actual remains: and the fourth, the philosophy of 
history. Or, in studying the steam engine, the first circle 
corresponds to a purely descriptive sketch of the operation— 
handling and troubles— the second a more detailed study of the 
parts and an experimental investigation of the accompanying 
phenomena; the third year would comprise the theory of these 
phenomena from the standpoint of thermodynamics, mechanics, 
strength of materials, etc. The outer zone would represent 
design and special investigations. The dotted circles on the 
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Fic. 2—Lack of system in the present way of instruction 
(subject method) 


diagram represent advanced post-graduate work and symbolize 
infinity of knowledge. 

In contradistinction to this system, the method now in 
vogue, or the “* subject method," is represented in Fig. 2. 
Here the student begins his freshman year by studying several 
subjects of an abstract character, subjects having no relation 
whatever to each other. They are in part auxiliaries for con- 
secutive studies, in part are supposed to develop logical thinking 
and imagination. The subjects introduced the second year are 
based partly on the studies of the previous year, partly represent 
new departure; but again their relation to the principal subject 
of study is not sufficiently evident to the student, so that he 
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blindly and reluctantly follows the program, instead of 
coóperating actively. 

In the third year, the professional studies begin, based on the 
sciences absorbed during the first two years. But these studies 
are again of too academic a character, too abstract, since the 
whole underlying idea with the present system is that practical 
applications must follow the general theory. Thus only in his 
senior year does the student come to the practical side of his 
profession. This method is probably the easiest for the teachers, 
because they also were educated in this way; but unfortunately 
it contradicts the very nature of man,and stands in con- 
tradiction to the educational aims of our times. The method 
has a distinct stamp of old scholastic culture based on the 
authority of precedent, rather than on free progressive think- 
ing. 

Some of the courses of study in the scheme shown in Fig. 2 
are indicated separately from any consecutive courses, or are 
connected only to advanced problems (dotted connecting lines), 
which hardly one student out of a hundred takes; and still all 
students are required to take these preparatory courses in the 
freshman or sophomore year. 

It is particularly sad that the student docs not realize the 
necessity for many of the studies during his college years, and the 
significance of some of them remains an enigma through his entire 
life. What a difference between the natural development of a 
farmer boy and the artificial cramming of a student with knowl- 
edge, The boy learns the surrounding world in a purely “ con- 
centric " manner; the student is taught according to the “ subject 
method." The farmer boy begins at once with botany, zoology, 
law, mechanic arts, and enlarges his knowledge gradually as he 
feels the need for it; and he is more and more interested in the 
results of such knowledge or experience. The student begins 
with the most abstract knowledge, or fragmentary practice, 
which he cannot connect with his life. The farmer boy lives 
to-day; constantly he applies his knowledge or at least realizes 
its use; the student lives with the expectation that some day he 
will understand the use of the dry stuff he is forced to imbibe, 
or perhaps be allowed to forget 1t. How can any great success 
be expected under such circumstances? 

We are beginning to understand that true preparation for an 
activity consists not in mechanical ability to perform simple 
operations, or in knowing abstract elements. The mind of the 
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man must be made receptive by impressing him with the im- 
portant or interesting side of his subject; this can be done 
only by showing him the result before he begins an extensive 
study. 

It seems that with our present system weare preparing students, 
not for ordinary commercial work which ninety-nine per cent. of 
them take up, but for special research work, which hardly one 
per cent. ever follow. In doing so we are involuntarily tempted 
to make of the students what we ourselves to some extent are— 
men pursuing more or less original research rather than regular 
commercial work. Let us remember that we are supposed to pre- 
pare, not future professors, but men jor industrial work, and. that 
our first aim should be to comply with the needs of the industry. 

Our democratic and industrial times call for infinite stages 
of knowledge and ability. A man who thoroughly assimilates, 
say, two concentric circles of study is of more use to himself 
and to the nation than a man filled with useless undigested 
knowledge, though in his pocket he have a diploma from our 
greatest university. 


COURSES OF STUDY ACCORDING TO THE CONCENTRIC METHOD. 


We will suppose now that the reader agrees with the above con- 
tention, that the best method of education is that in which the stu- 
dent gets first a bird’s-eye view of his profession, and then improves 
and specializes in it. This method 15 in accord with our nature, 
permits everybody to go just as far as he can or wishes; an 
element of interest is introduced into the study; a hastily selected 
vocation may be easily changed, etc. The question arises: 
is this method practicable? Can courses of study be arranged 
according to the above principles? As an answer the writer 
gives below an outline of a complete four- or five-year course 
of study of electrical engineering according to the concentric 
method. It seems to him that any other subject could be 
arranged just as well, since electrical engineering 15 no excep- 
tion. 

The present course in mechanical and electrical engineering. 
may be called '' from abstract to concrete"; that is to say, the 
course begins with mathematics, mechanics, and physics, then 
passes through an intermediate stage of machine elements, 
strength of materials, drawing, etc., and finally advances to 
the electrical and mechanical engineering proper. The courses 
in engineering proper are also arranged somewhat from abstract 
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to concrete, so that general theory precedes the experimental 
and empirical side of study. The proposed courses, arranged ac- 
cording to the concentric method, follow the opposite way, 
" from concrete to abstract", the idea of each year being 
characterized as follows: 


Freshman. Introduction into electrical engineering (bird's-eve 
view). 

Sophomore. Experimental electrical engineering. 

junior. Elementary theory of electrical engineering. 

Senior. Advanced theory of electrical engineering. 


Freshman year. The fundamental course of this year should 
be '' Electricity in modern life," or “ Cyclopedia of electrical 
engineering." This course should comprise the following 
divisions: 

1. A popular outline of applying electricity to lighting, rail- 
ways, telephones, signaling, metallurgy, chemistry, medicine, 
etc.; popular experiments must make it perfectly plain and 
intelligible to evervone, so that students of all departments 
could easily and with interest follow the course. This is in 
accordance with the idea that during the freshman vear the stu- 
dent is not supposed to have definitely selected his specialty. 

2. Talks on the general character of engineering work, on 
opportunities and social standing of engineers, оп necessary 
qualifications for different kinds of work, etc. 

3. A historical sketch of the development of the electrical 
industrv, and its present state in this country and abroad. 

4. Explanation of the concentric method pursued during the 
four years, and an outline of the consequent work during this 
course. This is desirable in order to insure the conscious co- 
operation of the student in his future work. 

А similar course should be given 1n mechanical and possibly in 
civil engineering; these three courses constituting the most im- 
portant part of the freshman year. If the student feels that he 
cannot yet decide to become an engineer, Or what kind of engi- 
neer he wants to become, let him spend the rest of his time in 
going to similar popular lectures їп other departments of the 
university. But if he has already decided that he is going to 
become an electrical engineer, һе may be given some work 
in the shops and the laboratory. This should be not the so- 
called elementary work, consisting of filing, or measuring specific 
heat and resistances, but. practical work, consisting of assembling 
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and dismantling of apparatus, handling machinery, electric 
wiring and connections, etc., so that he may feel that he 15 
already started in his profession. This consciousness would give 
him pride and satisfaction, and arouse his interest for further 
studies. This purely psychological element of technical education 
15 almost entirely lost sight of with the present system. 

Freshmen should not have more than, say, 12 hours a week of 
engineering work, and should be induced to take a few courses of 
a general character in other departments, rather than allowed 
to specialize in one kind of work. Experience may show 
that there will be some demand for mathematics and physics 
on the part of the students themselves; should such be the case, 
the corresponding courses could be easily provided. 

The writer wishes to emphasize the fact that he by no means 
belongs to that class of ‘ practical men " who sneer at any 
theory, and do not consider physics and mathematics as a part 
of engineering education. He himself is very fond of these 
sciences and preferably spends his hours of leisure in studying 
them. Yet he firmly believes that for engineering purposes 
physics and mathematics are of an auxiliary character and 
should be given the students only as such. Moreover, these 
sciences should be taught so that the student may clearly see 
their importance and necessity in his profession. Later on, dur- 
ing his senior year, or after graduation, a student who feels an 
academic interest in these sciences may specialize in them; but 
his first duty during the freshman and sophomore years is to study 
engineering, and not physics and mathematics. 

Sophomore year. Electrical engifieering should be treated 
during this year purely experimentally, keeping in mind that 
while the underlying phenomena are unchangeable, all our 
theories and explanations are rather poor excuses for our ab- 
solute ignorance of the true nature of electricity and magnetism. 
Thus the electrical engineering courses during this year should 
comprise construction and operation of electric machinery, 
lamps, street-car equipments, telegraph and telephone apparatus, 
etc., going more into detail than was possible during the freshman 
year, where it was necessary to establish in the first place the 
very possibility and scope of applications of electricity. 

Hand in hand with this course should go electrical laboratory 
work, not in the sense usually applied now, that is to say for 
the purpose of getting some numerical results, but simply for the 
purpose of handling all kinds of electrical apparatus. This 
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should impress the student that the apparatus studied 1s some- 
thing real and substantial and not mere fiction or schemes drawn 
on the blackboard. Lectures in mechanical engineering and 
mechanical laboratory should be of about the same character; 
it is not at all necessary or important for an electrical engineer 
to know much about thermodynamic calculations, but he must 
be sure that, if necessary, he can take care of boilers, steam, 
and gas engines, pumps, etc. 

Shop-work must again consist in making pieces of simple 
apparatus comprising as many different operations as possible; 
no "single" operations should be allowed at this stage, because 
it would immediately lower the interest in the work. As a 
novel feature, some electrical work might be introduced, such as 
making blade-switches,-simple measuring instruments, and 
spark-coils. In building such apparatus the student will meet 
with most of the shop operations and will get the necessary prepa- 
ration for taking up regular shop theory and practice during the 
next year. 

The study of mathematics, physics, and mechanics сап be 
profitably begun during the sophomore year, provided they be 
taught by an engineer and from the standpoint of engineering 
applications, rather than abstract theory. Moreover, in. order 
to link this course with engineering and with the mathe- 
matical knowledge required at the entrance examinations, 
this course should begin with applications of elementary mathe- 
matics to engineering problems, the students being tactfully 
brought to seemingly elementary problems, where analytics 
and the calculus become necessary. In this way the mind of the 
student is brought to an understanding of the practical impor- 
tance of considering infinitesimal parts of time, length, 
volume, ete.; and thus partly by intuition, partly by application, 
he is introduced to analytics and the calculus. 

Drawing, both freehand and mechanical, must be taught, 
not as an art bv itself (unless the student desires it), but simply 
as a matter of necessity in shop work and in laboratory reports; 
the same holds true of descriptive geometry. The laboratory 
work, the shop practice, and possibly some class exercises should 
be so arranged that the students may naturally come to use 
drawings, both those given them and those made by them- 
selves. Thus they will gradually recognize the necessity of 
plan, elevation, cross-section, perspective, schematic representa- 
tion, and other technicalities. In the opinion of the writer, 
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drawing should be taught in engineering colleges just as 
writing 1s taught in good primary schools. There the child is 
skilfully brought to an understanding of the advantages of 
putting down its needs on paper, and of reading the ideas of 
other people. 

Junior year. Now comes the third year. With the present 
system the student begins dimly to realize at this time the very 
first principles of his specialty. With the svstem here proposed 
the student begins his third year with a more or less definite 
idea of the whole scope of his specialty; he knows that he is 
going to study the details of the work of the previous years and 
that he was lacking last year such auxiliary sciences as mathe- 
matics, physics, and chemistry. Now he is prepared to ap- 
preciate their significance; even more, he is already absolutely 
sure of their necessity, and is willing to accept the teacher's word 
even though he does not see its 1mmediate application. Thus 
the workof the junior year should include a study of mathematics, 
physics, mechanics, chemistry (auxiliary sciences) with par- 
ticular reference to electrical and mechanical engineering; at 
the same time a deeper insight into the specialty 1s made pos- 
sible, assisted by these sciences. 

The study of engineering may now be taken up with numerical 
relations. It is not necessary to go at once into higher mathe- 
matics, but merely to establish such relations as may be deduced 
from experiments, and which may immediately be applied to 
the solution of practical problems. With the training of the two 
previous years, the educator need not fear to go into de- 
tails, since the student is already able to understand the sig- 
nificance and the place of a particular problem in the general 
field of electrical engineering. 

To expect a student to investigate numcrically this or that 
property of an electric machine the first time he sees the ma- 
chine in the laboratory, as is the case under the present system, 
does not seem very rational. The purcly qualitative and 
constructive side is of much more importance than any precise 
measurements. But if he has already had clectric machines 
before him for two years, as with the proposed concentric method, 
he certainly can be made interested in numerical relations dur- 
ing the third year; and these measurements will be of a much 
better quality because he already knows how to handle ma- 
chinery, apparatus, and measuring instruments. 

ohop-work at this stage should consist in a systematic study of 
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different operations: machining, forging, making castings, 
wood-work, etc. The work of the two previous years has shown 
the student the necessity of all these operations, and the 
relative positions they occupy in the processes of manufacturing. 
Now he will find interest in going into the details of each 
operation. Of course, it should be understood that the final 
purpose 15 to know how to direct and specify shop-work, rather 
than merely to acquire manual skill. This work should be 
supplemented by lectures on the subject, which would unify 
the methods taught in the shops, extend them beyond the 
possibilities of college shops, and also treat of cost of production 
and of methods of accounting. 

Senior year. With the present system a senior hears for the 
first time the most elementary things in practical engineering; 
at the same time he knows (or is supposed to know) all about 
many theoretical laws and abstract relations studied during his 
junior and sophomore years. With the proposed concentric 
system he would already know a good deal about construc- 
tion and operation of machinery from his three previous 
college years, but would lack the theoretical knowledge necessary 
for independent original work and design. The senior year is 
supposed to give him this, on the basis of the practical knowledge 
acquired during the previous years. Let us begin from the 
end. 

The senior year should be devoted mostly to the theory of 
electrical and magnetic phenomena on the firm basis of pre- 
viously established experimental relations. The educator may 
now boldly go into the very depths of mathematical analvses, fora 
senior understands their significance, whereas our present 
freshmen and sophomores merely get a chronic mental in- 
digestion from the sight of mathematical formulas—an in- 
digestion that often lasts a lifetime. It is a truism that the 
average technical graduate instinctively dodges differential 
coefficients and the symbol of integration. 

In addition to pure theory, special elective courses should be 
given, such as electrical design, electric railways, telephony, etc, 
Such electives are given with the present system, but they are 
more of an elementary character, because the student is intro- 
duced into his profession too late. 

For those theoretically inclined, an opportunity should be 
offered for studying mathematics, physics, and chemistry beyond 
the scope necessary for ordinary engineering practice. 
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THE CONCENTRIC AND THE PRESENT METHODS DIAGRAMMATIC. 
ALLY COMPARED 


The following two diagrams show the difference between the 
present schedules of instruction and the schedules arranged 
according to the concentric method. Lighter portions signify 
the practical side of the subjects, the darker portions refer to the 
theoretical side. 

With the concentric method (Fig. 3) the student begins with 
the practical side of electrical engineering and with an elementary 
description of other branches of engineering activity. A con- 
siderable portion of time is allotted to general subjects, but 
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Fic. 3—Arrangement of subjects of study with the concentric 
method (from practice to theory) 


practically no time to auxiliary sciences, such as mathematics, 
mechanics, and physics. As the course progresses, more and 
more time is devoted to electrical engineering, and less time to 
other branches of engineering and general culture. The studies 
themselves gradually become more rigid and theoretical. This 
naturally requires more and more time to be devoted to the 
auxiliary sciences. The small light portion in the senior year 
refers to practical elective studies (specialization). 

In contradistinction to this scheme, the method now generally 
adopted is represented in Fig. 4. Here the first two years are 
practically filled with dry auxiliary studies, and the student does 
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not get even a glimpse of his future profession until his junior 
year. And when he gets to his profession, the studies have 
again a theoretical character and only gradually become more 
and more practical. 

А comparison of the two diagrams will clearly indicate the 
points of difference, and they do not require any further explana- 
tion. Those particularly interested in the subject will find these 
principles incorporated in the schedules printed below. 


CONCLUSION 


1. The study of engineering should begin in the freshman 
year and be carried throughout four years. 
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Fic. 4—Arrangement of subjects of study with the present 
method (from theory to practice) 


2. Engineering instruction should be taken up with first 
giving a bird’s-cye view of actual practice, and not with 
theory. 

3. Auxiliary sciences, such as mathematics, mechanics, 
physics, and chemistry, should not be required further than is 
necessary for the understanding of engineering, and should be 
given later in the course. 

4. Each year of study should be as much as possible self-con- 
tained, the mental horizon of the student being gradually and 
concentrically widened (Fig. 1). 
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APPENDIX 


Proposed schedules of study according to the Concentric Method. 
The numbers signify the number of hours per weck for first and second 
term. 


Freshman Year 


(Suitable for all engincering students) 


Hours 
Cyclopedia of electrical епрїпеегїп......................... 2 
" " mechanical 5 eet pies tn СЕГЕ тИ 2 
" " civil TUUM 2 
B mining Wu E E E E 2 
Handling machinery ез кк иена e e ne ie d 2 s 
Making simple аррага{и$.................................. 2 2 
Physical culture—one hour every Чау....................... 
Electives. 
Law, medicine, history, economics, philosophy, languages, paint- 
IDE TSG) OCLC o eres ширек EA Ghee d Va ed a de Mia ed 6 6 
Recitations in at least three зиїўес{$8........................ 3 à 
"Toto NOUTS osuere s paz PE ed Penang t Samos 17 | 17 
Sophomore Year : 
(For mechanical engineers and electrical engineers) 
Hours 
Descriptive course in electrical епдїпсөтїпи................... 3 
B $ steam EET 3 
Principles of manufacturing... 3 
Mechanical АГА оуу oou eus жеи eda ae rtr Qe I as 2 2 
Electrical: laboratory у меени те C uk E нн Sea dee m 2 
Shop...... cc 2 2 
Mathematics of engineering... llle 3 « 
Drawing in connection with laboratory and shop............... 2 2 
Electives (поп-епишеегїпү)................................ 3 
Physical culture—one hour every day. 
Total: (BOUDSss uod cre куе © es Tm 17 | 17 
Junior ycar 
(Electrical engineers only) 
Hours 
Electric PRUD cvv naar Aes obec oats аА 2 
Generators and тїоїогб.................................... о 
Electrical transmission до аа кж кка кка UR ERU алы 2 
Dlectrical measurements, oos vue the veer axes ade T pA Noa tea 2 
Electrical 5һор-ууогК................................. 55... 2 
Electrical Eiboratory s veo use reto eR EE ERE d» dE 2 2 
Power engineering iovis Буиуу dentes RE US Ts ea aq die 4 
МАСЕ desi on coc yeh od on de E rad i a pais 4 


Mechanical laboratory......... PEE bte ОГ С ЛСТ T 
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Mathematics cs ose Vade нж p Ud RERUM PNE RAE X ade 
Mët hani Siasi dearest oid н a cau ds da es hee wees bugs 
PHYSICS Же PC" 
С ПЕТУ deseo зи ен epu ese o sU ICE. 


Total Hours. s urbe Quos tau ae She ee ed NER 


Sentor Year 


(Electrical engineers only) 


Electric and magnetic circuitS........ 00. cc eee eee 
Alternating Currents... sane ore ER eia e dE dcs 
Theory of electrical machinery ci sse Re y s 
Laborator yool urren an e Em eiua sies еи т und aque edo e 
Electrical са еа Пов а wae RW beu ER Es 


Theoretical electives: 
Mathematics ) 
Physics 
Mechanics 
Chemistry Ј 


peso subjects to be taken............. 


Practical electives: 
Electric railways 
Telephony 


Design three subjects to be taken.,......... 


Power plants 
Hydraulics, etc. 


TOotAT HOUfTS. ea dock vara eg ate oes dS 


к ы 
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DEFLOCCULATED GRAPHITE 


BY EDWARD G. ACHESON 


The subject-matter of this address is not in any sense elec- 
trical in character, but the effect described was discovered 
as the result of electrical work and the products obtainable by it 
may, with advantage, be used in electrical work and machinery. 
Such is my excuse for offering these remarks before this Institute. 

In the year 1901, I was engaged in a series of experiments hav- 
ing as their object the production of crucibles from artificial 
graphite. In this work I was led into a study of clays. What 
I learned may be briefly stated as follows: 1. The American 
manufacturers of graphite crucibles imported from Germany 
the clay used by them as a binder of the graphite entering into 
the crucibles. 2. The Germany clays are much more plastic 
and have a greater tensile strength than American clays of 
similar chemical composition. З. Residual clays—those found 
at or near the point at which the parent feldspathic rock was 
decomposed—are not in any sense as plastic or strong as the 
same clays are when found as sedimentary clays at a distance 
from their place of origin. 4. Chemical analysis failed to account 
for these decided differences. 

I reasoned that the greater plasticity and tensile strength were 
developed during the period of transportation from the place 
of their formation to their final bed, and I thought it might be 
due to the presence of extracts from vegetation being in the 
waters which carried them. I made several experiments on 
clay with vegetable extracts, tannin being one of them, and I 
found that a moderately plastic, weak clay, when treated with 
a dilute solution of gallotannic acid or extract of straw, was 
increased in plasticity—made stronger in some cases as much 
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as three hundred per cent.—required but 60 per cent. as much 
water to produce a given degree of fluidity, was -caused to re- 
main suspended in water, and made so fine in particles that 
it would pass through a fine filter-paper. Being acquainted 
with the record of how the Egvptians had the children of 
Israel use straw in the making of bricks, and believing it was 
used not for any benefits derivable from the weak fibres but 
for the extract, I called clay so treated Egyptianized clay. 

Having in 1906 discovered a process of producing a fine pure 
unctuous graphite, I undertook to work out the details of its 
application as a lubricant. In the dry form, or mixed with 
grease or oil, it was easy to handle, but I wished it to enter the 
entire field of lubrication as occupied by oil. In my first efforts 
to suspend it in oil I met the same troubles encountered by my 
predecessors in this line of work; it would quickly settle out of 
the oil. My unctuous graphite was just plain simple graphite, 
and obeyed the same laws covering the natural product. So 
things stood until the latter part of 1906 when the thought oc- 
curred to me that tannin might have the same effect on graphite 
that it had on clay. I tried it with satisfactory results. I 
will now show you the effect and how it is produced. 

I will take for the experiment two equal quantities of my 
unctuous graphite, as produced in the electrical furnace. When 
in this form, I call it disintegrated unctuous graphite. To one 
sample I will add plain water, and, after rubbing up in a 
mortar, I pour it into a test tube. То the other sample I will 
add water, a little gallotannic acid, and a few drops of ammonia. 
This last is not always necessary, but I find it improves the 
results with some waters. I will now rub the mixture in the 
mortar as in the first case, and then pour into a test tube. I will 
now shake up both tubes simultaneously and place them in a 
rack to settle. 

Two minutes have now elapsed since the shaking and we find 
the graphite in the plain water has very completely separated 
from the water, not being miscible therewith, while the mixture 
of graphite, water, tannin, and ammonia remains as black as 
when shaken up. The graphite 1s miscible with the water in 
this mixture; 1t is suspended and would continue so indefinitelv, 
at least I have found it to remain so for months, and I do not sce 
whvitshouldsettleorseparate the next day, week, month, or year. 

While this experiment, as you have seen it performed, shows 
the effect, the result is much improved by time, I have here a 
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bottle in which there are graphite, water, tannin, and ammonia 
which have been mixed for some weeks. The graphite isin what 
I call a deflocculated condition, a condition of fineness beyond 
that attainable by mechanical means, a condition approaching, 
if indeed not actually attaining, the molecular state. It is so 
fine as to pass with ease through the finest filter-paper. Here 
I have a glass funnel containing one of the finest filter-papers 
manufactured, and on this paper I will pour a little of the 
water and deflocculated graphite. бее it run through the 
paper and collect in the tube, as black as ever and apparently 
unchanged. In fact it remains so black and has passed through 
so rapidly that a doubt exists in your minds as to its really 
being a mixture of water and solid matter—water and graphite. 
I can quickly convince you that such is the case. 

Into the test tube containing the black liquid which has 
passed through the filter, I will now introduce a few drops of 
hydrochloric acid, and then slightly warm it over this spirit- 
lamp flame. These acts have caused the suspended graphite to 
floccluate and when I now pour the liquid onto a second filter 
paper, you see the water run through clear, the graphite re- 
maining on the paper. Removing a little of the graphite and 
smearing it on a piece of paper, drying the paper and rubbing the 
black spot, it is at once recognized as graphite. This effect is 
obtainable with amorphous bodies generally; I have obtained 
it with alumina, lampblack, clay, graphite, and siloxicon. 

I have successfully used deflocculated graphite in water in- 
stead of oil in sight drop-feed oilers and with chain-feed oilers. 
I have a shaft in my laboratory measuring 2); in. in 
diameter, revolving at 3000 revolutions per minute in a bearing 
10 in. long that had no oil on it for a month, deflocculated 
graphite being the only lubricant used, the feed being by chain, 
and it ran perfectly. On the same shaft is a similar bearing 
lubricated with oil; this runs much the warmer of the two. 

А few days after this test was started a pessimistic friend re- 
marked that just plain simple water would give the same results, 
that the presence of graphite was unnecessary. We are in- 
fluenced by the opinions of others even when we know or think 
they are wrong, so I emptied the oil out of the second bearing on 
the shaft and substituted plain water. The results during the 
first twelve hours seemed to support the contention of the friend. 
The next day after the machine had stood motionless over night 
things did not look so rosy for the water; it was a lame second on 
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account of rust and was hurriedly removed. I think I shall not 
recommend clear water as a permanent lubricant. 

Deflocculated graphite in water possesses the remarkable power 
of preventing rust or corrosion of iron or steel. This graphite, 
even after flocculation; is so fine in its particles that when dried 
en masse it forms a hard article. I have here a cake of dried 
deflocculated graphite. You can see it has the curvature of the 
watch glass in which it was dried. No pressure was used on it, 
but still you see it is comparatively hard, like a sun-dried clod of 
clay. It is self-bonding. 

While, as I have stated, deflocculated graphite in water is an 
efficient lubricant, it has the drawback or disadvantage of losing 
its water by evaporation. I also appreciated that much time 
would be consumed in converting the world to water lubrication 
from the present one of oil. Therefore I set before me the 
problem of replacing the water medium with oil. A very great 
deal of diffculty and many discouraging conditions were met 
with, but I am pleased to say success was arrived at, and I have 
here a bottle containing kerosene oil holding about one-half per 
cent. of deflocculated graphite, that percentage being sufficient 
for most work. Неге is another bottle containing spindle oil 
with a like percentage of graphite. The graphite has been in 
these oils for some weeks and shows no tendency to separate or 
to settle. 
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SOME FACTS AND PROBLEMS BEARING ON ELECTRIC 
TRUNK-LINE OPERATION. 


BY FRANK J. SPRAGUE. 


Certain memorable opinions, recently uttered by railroad men 
whose creative and administrative work, and wide experience 
entitle them to preeminence, command attention. In March 
last, the New York Times contained an interview with Mr. 
E. H. Harriman, who discussed at length various features of 
the present steam railroad situation; the influence of national 
and state legislation; the developments, needs, and present 
difficulties of operation; and the vital necessity of increase of 
capacity, measured in its broadest terms. Expressing his in- 
dividual opinion that perhaps it might be better, considered 
from the standpoint of the steam locomotive, if a wider gauge 
than the present standard had originally been adopted, he went 
on to say: 

But perhaps it is chimerical to think now of rebuilding the railroads of 
the entire country, and of replacing the entire railroad equipment. If so, 
what is the best thing? Obviously, electricity. And I believe that the 
railroads will have to come to that, not only to get a larger unit of motor 
power and of distributing it over the train load, but on account of fuel. 
That brings up another phase of the existing conditions. We have to 
use up fuel to carry our fuel, and there are certain limitations here just 
as much as there are in car capacity or motive power, particularly when 
you consider the distribution of the coal producing regions with respect 
to the major avenues of traffic. The great saving resulting from the use 
of electricity is apparent, quite aside from the matter of increasing the 
tractive power and the train load. * * * * * * ж 

The only relief which сап be obtained through economies of physical 
operation must come through the outlay of enormous amounts of money 
such as would be involved in a general electrification or a change in gauge. 

At the April meeting of the Buffalo Chamber of Commerce, 
Mr. W. C. Brown, senior vice-president of the New York Cen- 
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tral Lines, likewise comprehensively discussed the present 
railway situation, and the influence of legislation and manage- 
ment upon credit, pointing out the ''appalling blow to that 
credit," not so much because '' of what has been done, as the 
manner and temper with which it has been done, and the fear 
of what may follow." The pressure upon the railroads, the 
imperative and continuing need of development and improve- 
ments, and the limitations їп available capital—all were specially 
emphasized bv this statement: 


If the development and expansion of the nation is to go on, if the 
progress made during the last ten years may be accepted as in any respect 


Fic. 1—Section of present steam terminal, New York Central. 


a measure of progress to be made during the coming decade, almost as 
much money will have to be expended in increasing the facilities of 
existing railroads, and їп building additional railroads, as has been 
expended during the eighty vears since the beginning of the construction 
of railroads in the United States. 

These opinions are confirmatory of that of Mr. James J. Hill, 
who some time ago startled the investing world by his estimate 
of a billion dollar annual expenditure, now actually confirmed 
bv detailed estimates. 

Coming from such high sources, from men who are fitted by 
nature and experience to survey the whole field with special 
clarity of vision, and to summarize their conclusions with 
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extraordinary judgment, these utterances are pregnant with 
meaning; for coupled with the remainder of their remarks, 
they tell us that if there is the proper coóperation between the 
national and state governments and the railroad corporations, 
a permanently established confidence between the public and 
those who serve it, based upon integrity of management and 
equity of treatment, and a reasonably surety of a fair return on 
money invested—all absolutely necessary to- command the 
confidence of capital—then in spite of temporary setbacks or 
trade reactions, this country has entered on an era of unequalled 
expansion, and when planning for future developments the 
steam railroads must keep in view the possibility of a change 
in motive power, and the adoption to an increasing extent of 
the use of electricity 1s some form. 

But it 1s especially to be noted that while fucl economy, not 
only in the matter of power generation but also as affected by 
its own transportation (often a most serious matter) must be 
kept in view, the keynote of the prophecies of the future is 
more specifically sounded in the word capacity. It is this fact 
which must be always borne in mind. 

Increase of capacity, not only such as is possible and in- 
dividual to electric application, but also such as is common to 
the larger developments of railroads however operated, means 
of course economy in its highest sense, that is, saving in passenger 
and ton-mile operation, assuming that traffic increases at least 
in proportion to capital account, because of increased 
loads, reduced train crews, higher operating schedules, 
better distributed service, less dead time on sidings, less in- 
terruptions to schedule and greater freedom from accidents. 

I believe that this question of capacity will be a far 
greater controlling factor in the electrification of trunk-lines 
than that of economy as narrowly measured by the cost of elec- 
trical horse power. ТІ do not know of a single instance in which 
electricity has been adopted in which this feature has not been 
paramount, nor do I know of a road operated to-day which 
would sacrifice capacity to economy. 

How much has been actually spent in steam railroad de- 
velopment, to which I assume Mr. Brown's reference 1s confined, 
it is impossible to tell, but that it is a stupendous amount, 
giving some suggestion of future capital demands, is evidenced 
by the fact that the total of theoutstanding stock, bonds, and 
other obligations of thesteam railroads in the United Statesnow 


1180 SPRAGUE: TRUNK-LINE OPERATION (May 21 


aggregates about $13,800,000,000; while similar obligations of 
the electric railroads, which began their commercial expan- 
sion with the signing of the Richmond contract almost twenty 
years ago to-day, exceed $3,500,000,000. 

These are indeed stupendous totals, and when confronted with 
the possibilities of the future we may well be hopeful, while we 
ask: Along what lines will this great development naturally 
proceed? What improvements must necessarily take precedence? 
How shall the continuing expenditure of capital be conducted so 
as to safeguard a dividend on it? 

We electrical engineers are ambitious, fairly courageous, and 
given to prophecy. We have much warrant for it, and every 
reason to be proud of what has been accomplished in an un- 
matched industrial progress; but we are a little apt to be 
prejudiced in favor of our own work, and perhaps somewhat 
partisan in promoting it. I think we often lack in large measure 
the familiar knowledge of railroad finance and operation that 15 
necessary in dealing with the larger railroad problems,in order 
to insure our fairly weighing the importance and value of all the 
elements which must be considered. 

Such, at least, is apparently the opinion of the friendly, but 
yet mildly sarcastic and somewhat pessimistic editor of the 
Railroad Gazette, who, referring to the recent meeting of the 
Institute of Electrical Engineers on the occasion of the presenta- 
tion by Messrs. Stillwell and Putnam of their paper on the 
substitution of the electric motor for the steam locomotive, 
remarks: 

The pity about the meeting referred to is that there was no speaker 
there who knew as much about the practical requirements of railroading 


as he and the others did about the advantages and economies of electric 
propulsion. 


This is quite likely true, for most people know a httle more 
about their specialty than about the details of every business col- 
laterally connected with it. But, really, the electrical engineers 
of the country, many of them professional civil and mechanical 
engineers as well, are not entirely destitute of a knowledge of 
both steam and electric operating conditions, nor can they all 
fairly be classed asa lot of unthinking enthusiasts; their 
knowledge and experience amount in the aggregate to a very 
respectable total. 

But we must not take our genial critic too seriously, nor be 
over-much discouraged by his limitations of vision, for his is 
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not the only publication that has trailed after accomplished 
facts in the electrical world, nor his the only voice that has been 
raised in doubtful protest on the eve of great developments. 
Heed, however, must be taken of the fact that trunk-line 
operation is in many respects a very different thing from that of 
urban or interurban railways and the attempt to intro- 
duce electricity into steam railroad operation must observe 
in the fullest measure these differences. We can, therefore, 
take the criticisms made of us in good nature, and I think win 
the proper support of steam railroad men, and come nearer to 


Fic. 2—First New York Central electric train, September 30, 1906. Leav- 
ing High Bridge for Grand Central Station. 


the successful introduction of electricity where justified, by 
setting forth with entire frankness the facts as they have been, 
are, and promise to be, and avoiding too strenuous and arbitrary 
prophecies of what must be. You will note that I do not ex- 
cept myself from this generalization, and therefore I trust my 
engineer confréres will not deem me lacking in impartiality 
in formulating this gentle criticism. 

Many of my hearers are young in years, and some of them just 
starting in railroad experience. Many statements made to-day 
may therefore have an air of novelty, but there are certain 
fundamental truths referring to the electric equipment of 
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steam-operated trunk lines which have always, since the be- 
ginning of this development, been broadly true. I have stated 
them time and again during the last twenty years, and in a 
score of publications. I cannot state them any more fully 
now, but inasmuch as they are expressive of my present as well 
as past beliefs, and having been made at various times may now 
in part be lost sight of, I take the liberty of referring to them 
in an appendix to this paper, and I will briefly summarize a few 
extracts. 

Fifteen years ago, in Chicago, I had the honor, as president of 
this Institute, to make my inaugural address on the subject: 
“Coming Developments of Electric Railways.” On that occa- 
tion, I may remark in passing, I expressed my fervent hope for 
a “single circuit alternating current motor," my conviction of 
the necessity of the use of an “ overhead conductor, practically 
rigid in character, following very nearly the center line of all 
tracks and switches, with no movable overhead parts, and 
with return through the rail," and especially my belief in higher 
potentials and gearless motors. 

Mv attitude on the broad question of trunk-line operation was 
then the same as it has consistently been since, for it has not been 
altered by more intimate contact with the trunk-line develop- 
ment. It may be briefly summarized in the simple statement 
that, taken as a whole the electrical equipment and operation of 
trunk lines is essentially more of a financial than а technical 
problem. It is certainly not solvable by ingenious methods of 
bookkeeping, or transmission of burdens to posterity. In that 
address I said: 

Any predictions which are made concerning the future of electric 
propulsion either in ignorance or disregard of the possibilities of steam 
duty, and the limitations necessarily existing in all systems of transporta- 
tion, deserve and will receive little consideration from those charged with 
the responsibilities of conducting our great railway system, for unless 
passengers and goods can be moved over a system with increased benefit 
to a community, or at a reduced cost, or with a commensurate return on 
capital invested, an cleetric will not replace а steam system. 

The commercial success of electric operation is a question of 
relative and absolute density of train movement. 

It narrows itself down to the one question as to the number of trains 
operated between the two terminal points. Make that number of trains 


sufficiently large, and the electric motor is the best means of electric 
propulsion, Decrease this number, and steam is to be preferred. 


In closing that address, after pointing out the difficulties 
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surrounding trunk-line operation, and the electric developments 
which it seemed to me would take place, I added: 

Temper your enthusiasm with prudence; limit your attempts to the 
solution of those problems which will prove of practical benefit. Do 
not chase rainbows, but seek lessened costs of operation for equivalent 
duty and increased return on invested capital. 

АП this is said in no spirit of discouragement, for I yield to no man in 
my confidence in the future of electric traction. No new field is so rich, 
none more pregnant with great possibilities. 

Where do we find ourselves to-day? Has there been any 
essential change in the essential governing facts? 

T wo years ago, we celebrated, and very rightly, the “ Triumph 
of Electric Traction," —not the wholesale replacement of steam 
by electric operation, that would have been somewhat prema- 


Fig. 3—Early Sprague, Duncan, ard Hutchinson— 1000 h. p. electric 
locomotive. 


ture—but the magnificent results which had been achieved. 
A new industry had been created, affording investment for 
thousands of millions of capital, and employment for hundreds 
of thousands of men. Time, distance, and mountain elevations 
had been abbreviated, great vistas opened up, barren spaces 
peopled, new homes created, towns linked to each other andto 
their neighboring cities, and animal drudgery relieved. Direct- 
current, single-phase, and polyphase equipments were in opera- 
tion ; and a new system of power aggregation and control, the mul- 
tiple unit, had solved elevated and underground problems, and 
made possible enormous concentration of capacity. The power 
and speed of the heaviest steam locomotives had been equalled 
or surpassed, and some of our great trunk lines had contracted 
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for improvements costing over a hundred millions of dollars, 
made possible only because of the availability of electricity. 
But again referring to the broad question of trunk line operation, 
I felt impelled, even in that hour of elation, to say: 

What, then, will determine the future? Solely the financial factor, as 
it must the future of any other great industrial problem. When savings 
in operation and the increased returns from traffic on any road will 
more than pay a fair dividend on money invested for electrical equipment 
then, and then only will trunk lines, great or small, be operated elec- 
trically. As I have often stated, the problem resolves itself into a 
question of relative density and the character of load-factor, and these 
essentials are of course vitally connected with the allowed working 
potential. 

Let us consider for a moment the evolution of the steam 
railroad. Asa rule, it has started with a single track, with such 
contour and grades, weight of rail, and character of ballast as 
the money to be expended and the probable return in trafhc 
have seemed to warrant, and generally handicapped by such 
extravagant or attempted profits in construction as have re- 
sulted in a long-continuing burden. Turn-outs and sidings were 
gradually supplemented by more sidings and longer turn-outs, 
and then such short sections of double tracking as the demands of 
capacity, traffic, schedule, and commercial conditions have 
required or permitted. Then there came a time, on many a road, 
of receivership, followed by reorganization and an extended 
period of recuperation; or if not receivership, then a long time 
of nursing into a condition of reasonable commercial health. 
As the demands of capacity increased, there followed the intro- 
duction of, or improvement in signal systems, additions to 
roling stock, increases in the number and capacity of loco- 
motives, until the road found itself with an equipment of extraor- 
dinary variety of varying conditions of efficiency; meanwhile, 
intermingled with a part of its own were all kinds of freight 
equipment from roads throughout the country. "Through ser- 
vice for freight, express, passenger and sleeping cars, and ter- 
minal connections with other roads marked the transition from a 
road of more or less local to one of “through” character, 
The new relationship made an increasing demand on capacity. 
and double tracking became essential for a part, or perhaps for 
the whole of the route; and with this new demand likewise 
the necessity, oftentimes carried out beforehand, of some re- 
location of tracks, changes in alignment, reduction in grades, 
improvement in ballast, abolition of the more serious grade- 
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crossings, especially near terminal cities, and extensions and 
improvements in, and enlargement of terminals and freight yards. 

Now every one of these developments has been dictated 
primarily by one requirement—increase of capacity. This 15 the 
keynote of all railroad development, however rated, for it makes 
possible an increase of revenue miles of freight or passenger 
traffic which can be carried on a given trackage or operative 
mileage of road, and results in a net comparative economy of 
cost per ton of freight or passenger moved. These improvements 
are all vital, no matter what the motive power, and they should 
ordinarily and naturally precede the application of electric 
power, for it is absolutely certain, except in specific instances, 
that if these have not been made before the use of electricity 
is considered, they must be taken up in connection with its 
introduction. 

Here, as during the whole period of growth, the financial 
question is always present, ever dominant. There probably 
never was an official charged with the maintenance and operation 
of a railroad who could not see opportunities for judicious ex- 
penditure of capital, and whose requirements have not generally 
been greater than would be acceded to by the directors and 
stockholders of his road. Оп the other hand, it is probably 
rarely the case that those same directors and stockholders have 
not wished that the demands made upon them for capital were 
less than the actual demands, even where granted. The practi- 
cal question, then, which confronts every railroad is how best 
can such capital as can be raised on reasonable conditions— 
which conditions are alwavs variable, and sometimes appall- 
ingly oppressive—be expended to meet the actual requirements 
of the road and to get the largest net return. 

The enormous cost of railroad developments has necessarily 
in a large measure been first met out of the profits of operation, 
because of the difficulty of raising additional money on account 
of early extravagances in capitalization, expenditure, and man- 
agement. Much of this cost often never appears in capital 
account, but in the end additions thereto must naturally and 
very properly be made to replace in some degree the amounts 
diverted from revenue. 

In spite of many gross examples of railroad dishonesty, and 
many unfounded charges affecting railroad officials, it is but 
proper to repeat a statement made privately a short time ago 
by one of the best known of the higher railroad officials in this 
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country, a man who has grown up from the ranks and is now in a 
position that commands the universal respect and esteem of all 
who know him, that, certainly within recent years, for every 
thousand dollars which has been added to capital account 
many thousands have been put into road and equipment from 
earnings that has never so appeared. 

Electricity is no panacea for railroad ills, any more 
than freight and passenger rates arbitrarily determined without 
regard to cost of service is a panacea for the body politic. I 
know of no business in which universal averages as a guide for 
individual decision can be more unfortunately applied; and this 
is equally true, no matter what branch of the railroad business 
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Fic. 4—New York Central 2200 h.p. direct-current electric locomotive. 


is considered, Statistics covering the operation of all the 
roads in the country may demonstrate to the mind of the 
mathematician that if all the power used were supplied electri- 
cally from central stations instead of by steam locomotives, 
there would be an enormous saving in cost of power, and there- 
fore electricity should be adopted, no matter what the other 
demands for capital, or what the net result of an equal expendi- 
ture in other directions might accomplish. Such a comparison 
would, if anvthing, seem to mean that on those roads where 
trathe is congested, and where the demand of power per mile 
of road is not only large in the aggregate but оп the average, 
considerations of power economy should be much more in- 
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fluential; but they distinctly do not afford the slightest 
reason for assuming that the possible saving in power is of 
sufficient importance to lead to general consideration of electric 
operation on extended lines with sparse traffic, no matter what 
systems may be developed. | 

This criticism, if it may be so called, was objected to on the 
score that railroads of this latter class, while not properly 
present subjects for electrification, were changing their character, 
and that in time the density of traffic would be sufficient to 
warrant such adoption. This is precisely the point of my 
criticism. There are roads which can now properly consider the 
adoption of electricity. There are others which by no stretch 
of imagination can seriously consider it for many years to come, 
and the only time when they can do so will be when, by growth 
of traffic, development in the character of their equipment, 
and augumentation in financial strength they shall have arrived 
in the first rank of railroads. Why then dilute whatever 
advantages there are in the matter of economy—all of whichare 
needed on even the best railroads—by consideration of such as 
are plainly out of present reach of electric equipment? 

In discussing the subject of electrification of trunk lines, there 
is a tendency sometimes to ignore the varying conditions on the 
roads, and also the changes in methods of operation which the 
introduction of electricity may make possible. The railroads 
seem to be often regarded as systems which must be conducted 
very much on present lines, that is, operated with locomotive- 
drawn trains. In order to come to any clear decision, on many 
roads at least, this conception must be changed. There is no 
hard and fast rule of classification. A trunk line may generally 
be considered as a system joining important terminal cities, over 
which is conducted all kinds of traffic, through and local, pas- 
senger, express and freight, and, in the larger systems, a heavy 
suburban passenger service. The divisions and character of 
service of course vary widely, but the constant tendency is 
towards an increasing density of traffic, multiplication of 
tracks, and extension of the limits of local and suburban services. 

When taking up the question of the adoption of electricity, 
railway officials are met at the outset by an unfortunate and 
confusing condition of affairs, largely due to manufacturing 
rivalries, individual partisanship, professional dicta, and 
gratuitous advice. "These are in no small measure responsible 
for an apparent division of the engineering world into two 
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camps, alternating and direct current, as in the earlier days of 
electric lighting, a division which it seems to me is entirely 
unnecessary and misleading. 

At a recent meeting of the New York Railroad Club, the 
argument was advanced by one speaker that the general question 
of the adoption of electricity should be determined by a railroad 
quite independently of any details, and that systems, equipment, 
and methods of operation could then be safely determined. 
With this view I wish to dissent. А change of motive power 
involving vast expenditures of money and radical changes in 
methods of operation, cannot safely be determined upon except 


Fic. 5 


Group of eighteen 2200 h. p. electric locomotives. 


after presentation. of a comprehensive report, and a general 
plan of equipment and operation based upon an investigation of 
previous practice, present or pending developments, and an 
analysis of important features and details. And this seems all 
the more essential, for at the present time the technical press is 
filled, and the public ear vociferously afflicted, with the rival 
claims of the advocates of direct- and alternating-current 
systems; the merits and defects of single-phase, polyphase, 
and direct-current motors; and the beauties and ugliness, the 
danger and safety of various types of overhead and third-rail 
constructions. High and low potentials, 15- and 25-cycle 
frequencies, gearless and geared motors, and air and electric 
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controls—all are actively exploited. Detail costs and economies, 
new methods of finance and bookkeeping, and changes 1n rail- 
road operation and management are presented to the bewildered 
railroad man with enthusiastic confidence. 

But above the discordant notes, and in the turmoil of varied 
developments there arises now and then the cry of standardiza- 
tion, not only such as is natural and not prohibitive of new 
advances in the art, but wholesale, explicit, and exclusive. 
For example, in a recent paper before this Institute, the view 
was expressed that but a single plan—the high-tension overhead 
trolley, with 15-cycle single-phase alternating-current motors— 
was possible of serious consideration on trunk line service, and 
that this system should now be adopted and standardized, 
despite the fact that there was not in existence a single equip- 
ment of this character in practical railway operation! 

I do not intend to burden this paper with statistics, or abstruse 
mathematics—one can prove almost anything by them,—but 
just here I will epitomize certain conclusions which I think will 
bear the test of time. 

1. Of the two broad lines on which electrification can be 
considered, if increased economy, that is, reduction of operative 
expenses by replacing the steam locomotive with an electric one, 
with concentration of prime power and perhaps the use of 
water power, be deemed the dominant reason for change of 
motive power, then every wheel in an electrified division should 
be turned electrically; and the savings affected should pay not 
only a fair rate of depreciation of the total equipment, but a 
satisfactory rate of interest on the new capital expended, in 
fact a better rate than if spent in some other way. 

2. Increase of capacity, both in locomotive haulage, schedule 
speeds, motor-car trains and terminal facilities, of a character 
impossible to steam service—all resulting in augmented traffic, 
and increased use and capacity of the dead part of the systems, 
the tracks and roadbed—will ordinarily be the more potent 
influence in leading to the adoption of electric operation, and 
will often warrant heavy capital expenditures. 

3. Every large road is a problem which must be considered 
financially and technically on its own merits, and in most 
features other than those which without effort can be harmonized 
its decision will be of little practical concern to other roads. 

4. The adoption of electricitv will ordinarily begin with 
those divisions where traffic 15 comparatively dense, and once 
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adopted the territory over which it can be extended will naturally 
increase. 

5. Terminal properties in great cities, underground and 
tunnel sections, and heavy mountain sections where duplication of 


tracks because of extra heavy construction cost is prohibitive 
offer an immediate field for the serious consideration of electrifica- 


tion. 

6. There cannot now be safely established any final standard, 
or any single system selected as the best for all roads. What is 
the best for one might easily be less advantageous for another, 
and there is no valid reason why any road should adopt some- 
thing fitting to a less degree its particular requirements because 
of the action of some foreign road. 


Fic. 6 -Ganz 1500 h.p. polyphase electric locomotive. 


7. Extraordinary advances have been, and are being made, 
and new discoveries are always possible. The limits of none of 
the systems now in use are clearly defined, and it would seem 
both natural and wise that the various manufacturing, technical, 
and inventive activities should pursue every lead to its logical 
conclusion, for the best will be none too good. 

It is not my intention in the present paper to investigate 
railroad economics, or to formulate any final conclusions in the 
matter of steam railway electrification, but rather briefly to 
analyze, and make running comment upon various phases of the 
problem often discussed by enginecrs; ёо руе some comparative 
factsasthey have thus far developed; to describe sundry develop- 
ments in electric locomotive construction; and to illustrate in 
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some detail features specifically characteristic -of the three 
typical initial equipments now commanding attention.. 

Motor equipments. In discussing the selection of any system, 
the first thing to investigate is the motor. In railway operation 
that which is to be replaced 15 a steam locomotive, in other words, 
a motor supplied by a local boiler, furnace, and coal-bin: that 
which is proposed in its place is another motor, or group of 
motors supplied through a. wire by bigger boilers, furnaces, 
and coal-bins, or by energy from a water power. The working 
conductor, with everything connected to it in transmission or 
generation, although essential, is tributary to the motor and its 
requirements. 

It is not sufficient that the source of power can be 
made of any desired size, although it is an essential feature; 
in any case such concentrated generating equipment must 
supply a number of motors. What 75 essential, and in the 
last analysis vital, is that the new motor shall have not only 
certain mechanical advantages, to the extent of eliminating the 
evils of reciprocating parts and reducing the cost of up-keep, but 
above all it must have capacity, measured not alone by drawbar 
pull or speed, but by both, and it must be of sustained character ; 
and this capacity, to accomplish more than the steam locomotive, 
must be greater than that of the latter. Such capacitv should 
naturally be attained, first, by increase of the capacity of the in- 
dividual motor or locomotive, and then, when this increase has 
reached its limit, by combining motors or locomotives under a 
common control by the multiple-unit svstem. 

Limitation of design. The designing of electric railway 
apparatus is handicapped by certain physical limitations which 
it is not in the power of the designer to change; for example, 
gauge of track, size and number of drivers, length of rigid wheel- 
base, dead and total weights per wheel and axle, clearance of 
motors above the track, permissible speeds of parts, provision 
for accessibility and repairs, and capacity for heat radiation. 
Every steam locomotive, when properly designed, has capacity to 
slipits drivers on sanded tracks, and it can maintain nearly its max- 
imum average drawbar pull for a considerable range of speed 
as long as its boilers can make sufficient steam. Although at the 
disadvantage of having reciprocating parts, its drivers being 
coupled together cannot slip individually. In short, it is de- 
signed of a weight necessary to get the tractive effort required to 
pull a definite load, and then for all the capacity in the matter of 
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speed which its fire-box and boilers can provide for. Essential 
defects are that its drawbar pull varies widely, depending on the 
position. of the connecting-rod, that it does not materially in- 
crease below a certain speed, and the steaming power is limited. 
Hence comes the limitation of the '' ruling grade." 

On the other hand, the electric locomotive, when likewise 
properly designed, provides a drawbar pull of constant character 
throughout the revolution of the driver, it increases to an ex- 
traordinary degree when necessary, and the capacity of the boiler 
supplied at the central station is ample. On all service, how- 
ever high continuous capacity of the motor is essential. 

Capacity being, therefore, the kevnote of the equipment, | 
shall discuss at some 'ength the characteristics of conductors 
and motors used with direct current and with alternating 
current. In so far as these comments relate to single-phase 
alternating-current operation, they willin some measure be based 
upon the only existing commercial development of this character 
now in the United States, that is, upon the series-wound, commu- 
tating, single-phase motor with compensated fields, operated at 
25 cycles. 

Lowering the number of cycles to increase the capacity ofthe 
single-phase motor, as has been suggested although not yet 
developed in commercial practice, of course merits serious con- 
sideration, and I shall add some comments upon this proposed 
change. 

Behavior of conductors. Both motors and conductors when 
used for direct current or for single-phase alternating current, 
present certain differences of such inherent character that there 
seems no present hkelihood of material change; and this conclu- 
sion is as sound in regard to the motor-differences as it isin regard 
to conductors. 

When used for single-phase alternating currents, conductors 
offer, by reason of self-induction, an impedance or resistance to 
current materially greater than they present to direct currents. 
This impedance, and the consequent loss of energy at any par- 
ticular potential delivery, depends upon the shape and material 
of the conductor, upon the frequency of alternation, the density 
of current and the power-factor. Under ordinary conditions, 
a round copper conductor of, say, No. 0000 size has at 25 cycles 
an impedance of about 1.6. But with iron or steel conductors 
this impedance 1s increased many times, because the magnetiza- 
tion of the iron and the self-induction drive the current toward 


1907] SPRAGUE: TRUNK-LINE OPERATION 1143 


the skin of the conductor, so that the body of it is useless, andit 
might as well be a shell of very much less weight. 

This effect in steel rails increases with the quality and with the 
cross-section of the rail. For example, according to the report 
of the test commission of the recent International Electrical 
Congress, on 50-lb. traffic rails the ratio of impedance to direct- 
current resistance at 25 cycles and 300 amperes is about 5.4, 
while on 80-1Ь., rail this ratio with the same current is 9.0, with 
the curious result that increasing the cross-section of the rail 
does not apparently increase its actual capacity for carrying 
single-phase currents. Quite the contrary, of course, is the fact 
in regard to direct currents, the conductivity increasing with the 
cross-section and quality. 

These statements are made not because of special novelty, 
but in emphasizing certain inherent differences in conductors in 
their behavior toward the two kinds of current additional 
weight is lent to the statement that the differences inherent in 
direct-current and single-phase alternatiny-current motors аге 
likewise radical, and are probably permanent in character. 

Types of motor. Among the many types of motors proposed 
for railway service, four are now being exploited: 


Polyphase alternating-current motor 
Single-phase " А repulsion type 
ч t “series tv pe 


Direct-current n 


Of these, two, the direct-current and the three-phase motors, 
cach have a continuous rate of energy-input, while the single- 
phase motor has an intermittent and variable rate. Moreover, 
there is combined in the single-phase motor two distinct func- 
tions, those of a motor and a transformer, and the latter cannot 
be entirely eliminated. The result is a reduction in both con- 
tinuous and overload capacities. 

It is in this particular that the single-phase motor, despite a 
great amount of experimental development, has remained 
defective; and while not prohibitive to the extent of making it 
an unworkable machine, its defects are so inherent as to place it 
at a serious disadvantage in individual comparison with other 
types of motors. To attain the preeminence hoped for, the 
external advantages in current supply must be very marked. 
In fact, rated in the same manner and under like physical 
conditions, it is only about half as good as the direct-current 
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motor. Or to put it another way, the weight of the complete 
single-phase electrical equipment on a car or locomotive, includ- 
ing transformers, motors, and controlling apparatus, for con- 
tinuous hard service, and with like physical limitations and 
ventilation, is about twice that required for direct-current appara- 
tus. In addition to this there is, of course, a material increase 
in the mechanical equipment necessary to carry the electrical 
apparatus. The reason is simple—it is because of the heat 
generated on account of lower electrical efficiency, and the 


Fic. 7—New Haven 1000 h.p. alternatir g-current electric locomotive. 


working the fields of the motors at a reduced magnetic flux. 

When considering locomotives, the net result is that the 
total weight of a single-phase alternating-current locomotive, 
with a service capacity equal to that of a direct-current loco- 
motive of hke armature speeds and permissible temperature- 
rise (this temperature-rise being the ultimate limitation of a 
motor for continuous service) will easily be from 30 to 50 tons 
more. 

An increase in the total weight of a train amounting to from 
370 to 10%% is perhaps not of itself of so much importance, be- 
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cause such a difference in net power demand can easily appear 
for various reasons; but a ratio of 2 to 1 in capacity for the limit 
of equipment possible to install within given allowable dimensions 
and number of units is a matter of vital importance. 

If an increased weight is permissible for any given capacity, 
there must be some ample compensation for it. Of course this 
is claimed to be the fact in the single-phase system, but another 
possible advantage which might prove important is the abolition 
of gearing and bearings, and simplification in motor and locomo- 
tive construction. Both advantages can hardly be hoped for. 

Comparative weights of direct-current and 25-cycle single- 
phase alternating-current motors. While testimony is practi- 
cally universal that not only is any single-phase motor, whatever 
the number of alternations, more or less inefficient than a direct- 
current motor of like weight or capacity, the differences of 
efficiency, excluding the losses in the gearing, are variously 
estimated. 

A curious illusion relating to this subject scems to possess a 
number of well-known men, as was illustrated by an active 
discussion before the English Institution of Electrical Engineers 
of Mr. F. W. Carter’s paper on, “ Technical Consideration in 
Electric Railway Engineering," at the meeting in January, 1906. 
Mr. Mordey, while stating that there is a large difference 
in the efficiency of direct-current and single-phase alternating- 
current motors, claimed that inasmuch as we are concerned with 
the efficiency of the whole system it makes no difference where 
this loss appears, and that this difference of energy will 
easily appear in a direct-current system if the cars are not 
properly handled. Mr. Carter very properlv corrected him, 
and pointed out that the location of this loss is vital, as it 
determines the heating of the motors, and if appearing in them 
it meant from two to three times the heat generated to be 
dissipated from the equipment. "This is but another way of 
saying that a greatly increased weight of equipment is necessary 
with the machines of lower efficiency. 

The reason for the reduced efficiency of the sinis: -phase 
motor (whatever the actual amount, which depends upon a 
number of factors) is inherent, and is due to the transformer 
action which by increasing the losses limits the output of the 
motor. There is an additional loss of considerable consequence. 
Electrical efficiency, it must be borne in mind, is the ratio 
between the real output and input. The net input is, however, 
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not the product of current and potential, as in a direct-current 
motor, but is affected by the phase-relation, commonly known 
as the power-factor; and when this is below 100% it means that 
the actual watts input is less than the product of potential and 
current or volt-amperes. To put it another wav, the actual 
current input is greater than would be required if the power- 
factor were unity. As ordinarily rated, ethciency does not 
take account of this fact, but the increase of current actually 
means an increased Jr loss, hence greater heating, and a conse- 
quent further reduction of motor-capacitv. 

It is well, just here, to point out that an increase of 106, in the 
amount of current used on a direct-current system, because of 
improper gear-ratio, change of schedule, or careless handling 
of equipments by motormen does not mean that this excess 
energy is dissipated in internal losses in the motors, for these 
may be increased only about one per cent. The situation in 
regard to the single-phase motor is, however, entirely different, 
for it is subject not only to increased power consumption 
with its proportionate losses because of careless operation, 
but it also has its individual increased internal loss, which 
is variously estimated to be much more than that found in 
properly designed direct-current motors of equal weight and 
like physical limitations. 

Much, indeed, has been stated, and denied on this subject. of 
the relative weights and capacities of direct-current and single- 
phase alternating-current equipments. On several occasions T 
have stated that, measured by equal physical limitations in speed 
and clearances, and for the same temperature-rise with natural 
ventilation, the total weight for any given service would be 
twice as much with the alternating-current apparatus as with 
the direct-current. A similar view has been expressed by other 
Investigators, among whom I may mention Carter, Parshall, and 
Hobart. 

Statements of this character, no matter how authoritatively 
and carefully made,seem to he under the suspicion of individual 
prejudice. Since this is an engineering matter of so much 
importance, I have endeavored to get some exact facts. These 
will, I think, prove interesting, and I will show graphically, 
illustrating somewhat further by specific statements, the actual 
comparison between two motors of almost exactly the same 
weight. 

It is customary to adopt a single-phase alternating-current 
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motor rating which is based upon the performance of some 
direct-current motor. For éxample, a 125-h.p. single-phase 
machine is supposed to do the same work, that is, handle thetotal 
number of tons on some specified service, as a 125-h.p. direct- 
current motor. This may be an ingenious comparison, but it is 
a very specious and misleading. The fact is that such a motor 
equipment, including its transformer, will be very much 
heavier than the motor equipment with which it is compared, and 
consequently the net load which it can handle will be much less. 

What is of vital consequence is a comparison of capacities for 
equal weights, not only of motors but of total apparatus which must 
be carried on a car, and also to compare the speed-relation 
and the polar-clearances, in other words, the allowable wear of 
bearings, all of which is quite aside from gear and commutator 
brush considerations, which are of themselves serious. 

Valatin and others have indicated one measure of comparison 
between motors of different makes, tvpes, and capacities—the 
“ weight-coefficient,"—whiceh for convenience may be expressed 
by the following equation: 


Nominal rated horse power 


'eight-coefficient — x | 
Weig Revolutions X weight in tons 


This is a factor of the greatest importance, and it should be con- 
sidered not only for the one-hour 75?-rise load, but throughout 
the whole thermal curve. 

Let us investigate two motors, which for convenience we will 
call X and Y, both standard modern machines. 

An initial comparison is as per this table. 


Machine Type Voltage Air-gap l-hr. rating Weight 
X d.c. 550 0.25 240 h.p. 9,474 1b. 
Y 25—a.c. 225 0.10 125 h.p. 5,327 Ib. 


The weights are minus pinions, gear, and gear-cases. There 
is a difference of less than 36% in net weights, or about 2.595 
in total weights. They can, therefore, be very properly 
compared. | 

In passing, I would call attention to the air-gaps, that of the 
direct-current motor being nearly three times that of the alternat- 
current motor—a difference of vital importance as affecting 
allowable bearing-wear, and the proper functioning of the 
armature circuits under practical operating conditions. 

The accompanying curves (Fig. 8) show graphically, almost 
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startingly, the comparative speeds, capacities, and weight-coefh- 
cients of these machines, all referred to the time required to 


| ишш 


COMPARISON ON THERMAL BASIS 
OF TWO DIRECT-CURRENT AND 
SINGLE-PHASE ALTERNATING CURRENT MOTORS 


E 


FFICIENTS 


F WEIGHT COE 


)ZFFICIENTS,7 
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UJ 


WEICHT- 


HOURS TO RISE 75 CENT. 
В) | 3 


Fic. 8. 
rise 75° in temperature when operating at full normal potential 


under varying loads and with natural ventilation. 
It so happens that these two motors have the same speed— 
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500 revolutions —when run at their proper potentials for 39 
minutes with such loads as will give temperature rises of 75°, 
and hence this will be taken as the starting point, and the 
characteristics noted for various runs up to five hours. 
Inspection of these curves shows the following comparisons: 


Ratio o | Ratio of |. 
capacities Speeds speeds Wt. Coefs. Wt. coefs. 
D.C. + А.С. D.C. A. С. D.C. —-A.C.| D.C. А.С. |р. С.А. С. 


Time for! Capacities 
75° rise | D.C. А.С. 


0. 101 


39 min. 285 134 2.13 500 | 501) 1.00 |0 20% 2 06 
1 hr. 241 122 1.98 540 664 0.80. 50.166 | 0.070 2.37 
9: 3 172 95 1.81 602 | 982 0 65. '0.104 | O.O3N|.— 2.74 
з" 148 81 1.83 650 | 1130 | 0.27 |0.083 | 0 027 3 07 
4 “ 137 72 1.90 670 | 1270 0.53 0.075 ' 0 071 3.57 
5" 132 64 ә 06 600 | 1398 оло ооо Го от 4.12 


Generally speaking, it will be noted that: starting at 500 
revolutions for a 39-minute run, the capacity of the direct- 
current motor averages approximately nearly double that of the 
alternating-current throughout the thermal range; the speed 
of the alternating-current motor rises at a much more rapid 
rate, until on a five-hour run it is double that of the direct- 
current motor, despite the fact that it is only developing one 
half the power; the direct-current motor.has a 5-hour capacity 
in excess of the l-hour capacity of the alternating-current 
motor; and the ratio of the weight-cocfhcients, beginning at a 
trifle of over 2 to 1, rises to more than 4 to 1 in favor of the 
direct-current motor on the longer runs. This comparison 
of weight-coeffhicients does not include the collectors, control- 
switches, rheostats, transformers, or wiring, which in the 
aggregate are enough heavier for the alternating-current motor 
to maintain these disparitics. 

It is evident, therefore, that a pair of these alternating-current 
motors can handle only about one half of the total load of the 
direct-current motors, with all the disadvantage of higher 
armature speed and smaller air-gaps; and considering the 
excess weight of the control apparatus, the net load over and 
above the electric equipment would be considerably less than one 
half. 

This general comparison is not, so far as the relativecharac- 
teristics are concerned, individual to this particular size of 
motor, but seems to be equally applicable. through а wide 
range, and indifferently as to the make, or whether the alternat- 
ing-current motor is of the series-compensated or the repulsion 
type. Furthermore, these differences are seemingly so inherent 
that there 1s httle chance for improvement at 25cycles. 
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Let us see the practical application of these facts. The 
passenger service on a certain typical trunk-line division re- 
quires cars of such size that, operated on a direct-current svstem 
they would be equipped with 2 X's, and if on a 25-cycle current 
system with 4 Y's. With equal seating capacity the following 
are actual comparisons: 

a. Total weights of electric equipment, including 500 lb- 
excess on trucks: 


Alternating current, (4 Y's) 35,000 Ib. 
Direct current, (2 X's) 16,000 “ 
Excess a.c. over d.c. (118) 19.000 1b. 
b. Total nominal rating of equipments: 

Alternating current, (4 Yes) 500 h.p 
Direct current, (2 N's) 4850 ” 


c. Rating per ton of total weight, including car-body and 
seated passengers: 


Alternating current, (4 Y's) 9.92 h.p 
Direct current, - (2 X's) 10.67 “ 
d. Approximate costs of electric equipment: 
Alternating current, (4 Y's) 
Direct current, (2 X's) 
Excess alternating current over direct 

current (100%) 


Polyphase and direct-current motor characteristics. Opposed 
to the two types of single-phase motors are the polyphase and 
the direct-current motors, the former with a rotating field, and 
the latter with a field of fixed character. They have similarly 
high weight-efhiciencies, the former having somewhat the ad- 
vantage when compared with the ordinary type of direct-current 
motor. 

The polyphase motor, however, is a normally constant-specd 
machine. It can, through a re-arrangement of fields, be run at 
two different speeds; but each is practically a constant one. 
Or where there is a plurality of motors, half and full speed can 
be obtained by having one pair of different character from the 
other, and operated in cascade relation to it, with the necessity, 
however, of throwing one pair of motors out of service when 
running at full speed. With cascade operation and field chang- 
ing combined there can be three running speeds. These motors, 
so far as their supply is concerned, have been limited for practical 
reasons to a potential of 3,000 volts on the trolley, because the 
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supply requires, besides the rail, two wires overhead, although 
a recent undertaking in the United States, the operation in the 
Cascade Tunnel, is to be attempted at 6000 volts. 

Polyphase motors have an enormous overload capacity, and 
thé fact that they run at synchronous speeds with a very 
small slip, and if the frequency 1s unchanged will run up- 
grade nearly as fast as on a level, would indicate at first 
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Fic. 9—Multiple catenary on Blankenese-Ohlsdorf Railway 


sight excessive loads on main and sub-stations. But a curious 
and perfectly natural result has been pointed out by Cserhati 
and von Kando; namely, that with suitable provision for regula- 
tion at the central station, so that with excessive loads the 
generators will drop in speed, there will, with such speed reduc- 
tion, be not only a temporary cessation of drawing power by 
the locomotive, but there may actually be a return of energy 
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to the line while slowing down. While of course this 
slowing down affects a!l trains on a system, it is quite con- 
ceivable that when there are a number of trains in opera- 
tion a mean result may easily be attained which will, in the 
matter of load-fluctuation, compare favorably with that 
of any other system. Multiple-unit grouping and operation 
is ordinarily impracticable because of the small slip. In 
spite of the splendid work done by the Ganz Company, 
and thestrong support of many Italian engineers, I fcel 
that, all things considered, neither the motor characteristics 
nor the limitations of overhead construction are acceptable for 
such service and conditions as exist on our trunk-line roads. 

On the other hand, considered by itself, the direct-current 
motor, with its high average weight efficiency, simplicity of 
construction, facility of control, automatic response in torque 
and speed to varying grades and curvatures, and great sus- 
tained capacity for enormous torque at low speed, besides 
the advantages of speed-ranges obtained by motor-grouping, 
and the use of a single conductor and track return, offers a 
most effective machine to meet the conditions of railway 
service. Through it, as with the polyphase machine, the 
“ruling grade," often of limited length, is eliminated, for the 
motor can always respond to these temporary demands up 
to the limit of track-adhesion. 

In the matter of speed-variation, the ordinary four-motor 
locomotive has, with proper control, three impressed electro- 
motive forces, for each of which there 15 the same torque with a 
given current, while the aggregate current from the line varies as 
does the speed of the locomotive itself at any fixed torque, 
about 400 per cent. For cach of the combinations there is a 
wide controlled automatic range of torque and speed, which as 
the sustained torque increases is far beyond the limits of the 
single-phase motor, and for a wide range of torque there is 
possible a considerable variation of speed by field-shunting. 

These various features of torque- and speed-control are of th > 
utmost importance when, under some abnormal conditions of 
traffic, it may become necessary to relieve the demand on the 
supply, although maintaining a high drawbar pull, or when, as 
in the operation of snow-plows a number of pushing locomo- 
tives under a single control must run at slow speed for con- 
siderable periods of timc. 

Direct-current motor improvements. During the last two 
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Fic. 10—Double overhead catenary trolley on New Haven Road. Four tracks and siding 
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years important developments have taken place in direct-current 
motor construction which materially change any preconceived 
conclusions as to its limitations. | | 

The first is the introduction of the commutating pole, which 
has practically eliminated commutator troubles, such as spark- 
ing, undue heating, and flashing over, so that even a four-pole 
machine, within a wide range of potential and load, runs ab- 
solutely black at the brushes. That this improvement has 
reached a high degree of commercial standing, despite very 
recent technical criticism and opposition, is evidenced by the 
fact that orders for nearly a thousand railway motors have 
F n placed within the last two months. 

This improvement makes possible the shunted-field addition 
to the series-parallel control of speed, the construction of motors 
for operation at much higher potentials, and the operation of 
two motors in series at double potential. The partial depend- 
ence of one motor on another when two machines are in series 
is not individual to this combination, for with single-phase 
alternating-current motors, especially of the larger capacity, 
the heavy currents required because of the low potential at 
which the motors are operated—200 to 250 volts—has led to 
permanent series or series-parallel connection of machines. 

An especially important development is that illustrated by 
the gearless locomotives built for the New York Central Rail- 
road, (Fig. 4) in which the hitherto invariable practice of main- 
taining a fixity of relation between the armature, or rotating part, 
and the field-magnet, or fixed part, has been abandoned; the 
armatures are mounted directly ont he axle, the field-magnets 
forming a part of the locomotive-frame, supported by its springs 
and hence movable with regard to the armatures. In this con- 
struction, therefore, there are no armature or field bearings. 
This locomotive is of the simplest {уре possible, electrically 
and mechanically; апа when operating under conditions for 
which it is properly applicable it has not only the highest weight- 
efficiency, but the lowest cost of repairs of any direct-current 
machine, and much lower than is possible for any single-phase 
locomotive. It is structurally a natural high-potential machine 
on account of having but two poles. 

Since the capacity of electrical apparatus depends upon the 

j speed at which, with any magnetic flux, the armature conductors 
move, this gearless type of locomotive, if used for the slow 
speed and heavy torque required on freight service, can only 
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be constructed with reduced weight-efficiency as compared 
with geared locomotives; but despite this handicap there are 
so many special advantages that it can be seriously considered 
even for this service. 

Difference between direct-current and single-phase alternating- 
current motors, The present inherent differences between single- 
phase and direct-current motors may be briefly summed up as 
follows: : 

1. The input of current in one is continuous; in the other 
intermittent. 

2. One has a single frame, the electrical and mechanical parts 
being integral; the other has a laminated frame contained within 
an independent casing. Hence there is not equal rigidity, or 
equal use of metal. 

3. One has exposed and hence freely ventilated field-coils; 
the other has field-coils imbedded in the held-magnets. 

4. One has a large polar clearance, and consequently ample 
bearing-wear; the other has an armature clearance of about only 
one third as much, and hence limited bearing-wear. 

9. One is operated with a high magnetic flux, and conse- 
quently high"torque for given armature-conductor current; the 
other has a weak field, and consequent lower armature torque. 

6. One has a moderate sized armature and commutator, and 
runs at a moderate speed; the other, with equal capacitv, has 
a much larger diameter of armature and commutator, and runs 
at a much higher speed. 

7. One permits of a low gear-reduction, and consequently a 
large gear-pitch:; the other requires a higher gear-reduction, and 
a weaker gear-pttch. 

S. The windings of one are subject to electrical strains of one 
character; in those of the other the strains are of rapidly vari- 
able and alternating character. 

0. The mean torque of one is the corresponding maximum; 
the mean torque of the other is only about two thirds of the 
maximum. 

10. The torque of one 1s of continuous character; that of the 
other is variable and pulsating, and changes from nothing to 
the maximum fiftv times a second. 

11. One has two or four main poles only, two paths only in 
the armature, and two fixed sets of brushes; the other has 
four to fourteen poles, as тапу paths in the armature, leading to 
unbalancing, and as many movable sets of commutator brushes. 
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12. One can maintain a high torque for a considerable time 
while standing still; the other is apt to burn out the coils which 
are short circuited under the brushes. 

13. In one, all armature-coil connections are made directlv 
to the commutator; in the other, on the larger sizes resistances 
are introduced between the coils and every bar of the commutator, 
some of which are always in circuit, and the remainder alwavs 
present. 

14. In one the sustained capacity for a given weight is within 
the reasonable requirements of construction; in the other it is 
only about half as much. | 

15. Finally, the gearless type, with armature and field varving 
relatively to each other, is available for one, but this con- 
struction is denied to the other. 

Consideration, then, of the characteristics peculiar to 
each class of motor indicate, not that the single-phase 
motor cannot be used, but that if adopted the weight or 
number, and the cost of locomotives or motors required to do 
the work must be much greater; that the depreciation of that 
which is in motion will be much higher; and that there will 
always be an excess weight of fixed amount per unit which must 
be carried irrespective of the trailing or effective loads. We 
must, therefore, in many cases be led to the selection of the direct- 
current motor, that motor which has the higher weight-ca- 
pacity, the greater endurance, and the lower cost per unit of 
power. 

Electric braking. Recuperation of energy to reduce the 
amount of power used, and to make the motors act as brakes 
to retard the acceleration of a train, has been a favorite pro- 
ject, and attended by many prophecies since the beginning of 
the electric railway industry. I confess to having been very 
early infected with this economic ambition. In fact, I demon- 
strated mathematically quite correctly and satisfactorily a 
good many years ago, before the Society of Arts in Boston, 
that if the Manhattan Elevated Railway of New York could 
be equipped electrically with shunt-wound motors whose 
speed-variation was effected partly by resistance in the arma- 
ture circuit and then by variation of field strength, there would 
be a reduction of central-station capacity of fully 40% as com- 
pared with a system which did not use the motors as braking 
generators; and not only was there this theoretical reduction 
in capacity, but since every stopping train, and every train on a 
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down-grade was a moving generator there would naturally be 
materially less losses on the line. These facts were demonstrated 
practically by experiments carried out on the Thirty-fourth 
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Street branch of the elevated railroad for several months 1n the 
winter of 1885-6. But the system is not used to-day, despite 
its enormous possible saving of power and station capacity, 
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Depression under crossing highway bridges 


Fic. 13— Double overhead catenarv trolley on New Haven Railroad. 
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because it required the use of shunt motors with their fine-wire 
field-windings, and hence necessary reduced capacity compared 
with the modern series motor; it required, also, a very exact 
equalization of the characteristic of motors and maintenance 
of like wheel-diameters, and an increase of motor-capacity and 
weight because of the double duty and consequent heating. 
Here again capacity has been an important and finally deter- 
mining factor in motor requirements and practice. 

On ordinary railroads the gradients are not sufficient 
to make it worth while to attempt any recuperation of 
energy; the acceleration due to any excess of gravity- 
coefficient above that necessary to overcome the friction of 
the train is usually welcomed. On mountain roads, however, 
electric braking may become an important adjunct, not be- 
cause of power economy, but for safer operation. In any 
case, simplicity of application and absolute reliability of action 
are first essentials. 

There are two general methods available: one, in which the 
energy of the descending train drives the motors, acting with 
shunt- or independent-ficld characteristics, at an aggregate 
potential above that of the line at the rail, and sending current 
back into the line; another in which the motors are discon- 
nected from the line, and driven as self-exciting. generators on 
à closed circuit, as much of the energy of the descending train 
as desired being used up in heating rheostats. 

The first method 1s dependent on the line, requires ex- 
ternal excitation of the field-magnets, and where direct-current 
motors are directly connected to the line, two armatures should 
be thrown in series 1f the power to slow the train down to or 
below its ascending speed on heavy grades is desired. This is 
because the excitation of the fields is carried to saturation on 
ascending work, when the motor electromotive force is much 
less than that of the line plus the drop on the supply conductors, 
and permits of no further increase of flux to raise it. Such 
independent excitation of fields should be through a motor- 
generator set to get the current of low potential in large volume 
necessary for the series fields. 

This method is, of course, possible of application, 2 will 
give a range of control of speed from about the mean speed on 
ascending grades to double that speed; but it will be with in- 
equality in heating of the armatures and the fields, the latter 
running cool, and the former practically at their average max- 
imum. 
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It is not practica] to set the control for а given down speed. 
and then to vary speed by the air-brake, for the braking power 
of the motors is measured by the relation of their potential to 
that of the line, which is variable. То be effective, this poten- 
tia] must be raised sufficiently above that of the line, wherever 
a locomotive may be, not only to send back current, but 
current in considerable volume over the conductors intervening 
between it and such other locomotives or stations as may be 
able to take up the energy thus created. The motors are 
therefore under a constantly varying condition, and are also 
subject to excess potential strains. Application of the air- 
brake to slow down a train would under such circumstances 
reduce or destroy the braking power of the motors unless their 
controllers were simultaneously moved. In fact, such air-brake 
application could readily convert the machines into motors 
taking current from the line, and hence put double dutv on 
the brake-shoes. 

The second method of braking is to use the motors with- 
out disconnecting the field and armature circuits from each 
other, simply closing them upon themselves, and varying the 
resistance in circuit, the reversers on down grade being set for 
backward movement. This method requires no change in the 
organization of the machine, puts equal duty on armatures and 
fields, as in ascending grades, and the duty on the armatures 
being considerably less than in the other method of braking 
they will heat much less. 

This method, if provision be made for moving the controller, 
is independent of the line, and permits of the most complete 
variation of speed, from the highest permitted to the lowest 
at which it may be desired to operate, without any use what- 
ever of the air-brake, unless desired, and without in anv manner 
interfering with the application. of the latter, although, of 
course, to get the best effect, both motor-centroller and air- 
brake should be used with regard to each other. There is, 
however, no possibility of the application of the latter entirely 
destroving the braking power of the motors. 

This latter method of braking does not depend upon line 
supply, nor require the interposition of any motor-generators, 
and is therefore more direct and reliable. Another fact of 1m- 
portance is that the aggregate motor potential strains are less. 
Provision for both methods of braking, although possible, 15 
not advisable because of the introduction of too great a variety 
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of apparatus and methods, which may give rise to confusion 
and accident, and which in all cases of railroad корегапоп should 
be avoided as far as possible. | 

With polyphase motors kept in connection with the line, 
the braking effect is very similar to that of pure shunt motors, 
and the excess of down speed is very small. It is doubtful, 
however, whether with the varying grades and curves of our 
mountain roads it is desirable to run down-grade at an ap- 
proximatelv fixed speed, but rather it seems likely that the 
existing practice of speeding where the grades and curves are 
light, and reducing the speed where the grades are heavy and 
the curves are sharp will remain the preferred practice. 

Self-exciting braking is impracticable with polyphase motors. 

Comparison of direct-current and alternating-current braking. 
On the general subject of braking it should be pointed out 
that with direct- or continuous-current motors there is always 
a residual magnetism in the fields because of their construction, 
and the fact that the exciting current never changes direction. 
such machines, therefore, can always promptly build up auto- 
matically when properly closed upon themselves and the re- 
verser is set in the proper direction. 

A similarly effective method of braking has been claimed 
for motors operated by single-phase alternating currents, but it 
would seem that in this case there is not the same degree of 
rehability. In such motors the field is laminated to the last 
degree to cut down heat-losses and to increase the capacity; it 
will hold but lttle residual magneti m under any circumstances, 
and furthermore the field 1s excited by a rapidly varying alternat- 
ing current. It is therefore possible that at times the field will 
be nearly inert, and comparatively slow, with its low-turn 
winding, in building up, or possibly the field may be entirely 
inert, and may refuse to build up at all. There seems, therefore, 
no certainty whatever that a single-phase alternating-current 
motor, disconnected from the line, and without any other exciting 
source, Will, when closed upon itself, always build up into a 
braking dynamo. 

Aside from the ordinary objection of having such a possible 
failure, the consequence might be serious should it be necessary 
suddenly to call upon the machines to brake; as, for example, 
when getting underway, or when slowly ascending a gradethere 
should be a failure of current and the train begin to back down 
before the air-brakes were applied, or in case for any reason they 
should not be promptly available. 
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All things considered, reliability and. simplicity of operation 
dictate the use of the self-exciting method of braking with the 
direct-current motor, which lends itself to that purpose in the 
highest degree. 

Extent of electric braking. However theoretically desirable 
it would be from an economic standpoint to utilize the energy 
of a descending train to generate current available for partial 
propulsion of trains moving on up-grades, it is to be borne in 
mind that the localized braking of an electric locomotive is not 
intended to, nor can it entirely replace air-braking; it is pro- 
posed primarily for the purpose of eliminating certain existing 
troubles unavoidable in connection with air-brakes when used 
continuously on long down-grades. 

In trains made up of the average run of freight cars there is a 
non-simultaneous action of the air-brakes, and often, if after 
long continued application the brakes are released for a brief 
time so as to re-charge the train-pipe, the front end of the train 
being unbraked will surge ahead, and the rear part will for a 
brief time be held back by the non-released or partially released 
air-brakes, resulting in a parting of the trains. 

Another serious trouble, overheating of brake-shoes and 
wheel-rims, leading to breakage of parts on account of expansion 
or sudden chilling, cannot well be avoided where there 1s such a 
continuous application of air-brakes as is required on free move- 
ment of freight trains on long grades; this is a difficulty which 
it is best to avoid by supplementing the = air-brake by 
other braking means not dependent upon brake-shoe applica- 
tion. 

The objections cited will be largely removed if the duty on 
air-brakes can be materially reduced, and sometimes entirely 
relieved. Electric braking on the method I have indicated will 
accomplish this, and it seems wise normally to divide the duty 
between electric and air-braking. For that reason I will give 
an illustration of the duty on the motors, as this will have a 
direct bearing upon the capability of the radiation of energy in 
the form of heat from the rheostats in circuit. 

Suppose a 700-ton train opcrates on a grade requiring tractive 
efforts per ton of, 


For lifting 25 lb. 


For traction and curves є “ 


Total 387 


* 
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On down movement, 17 lb. only will be available for accelera- 
tion of speed, which must be taken up by braking in some form. 

If divided between electricity and air there would be required 
from the locomotive: 


Average retardation per ton 8.5 ]b. 
Total for 700-ton train 5950 ©“ 
Foot-tons per minute, at 20 miles 5192 
Equivalent electrical rate 235 kw. 
Dissipated in rheostats at 9005 machine efficiency 212 kw. 


which would be a light duty for four motors and rheostats, and 
would leave ample margin for them to take the full braking effort 
up to the skidding of the wheels whenever it might become 
necessarv. 

Working conductors. Whatever motors are.used--and all 
the principal types will be used—there 1s a variety of methods of 
construction and use, especially as applied to locomotive building, 
and alternate methods of current supply and use. 

Generally speaking, conductors may be divided into two 
classes; flexible or rigid overhead, and third-rail, Опе wouid 
suppose from many references, and some of the arguments which 
have been made that direct-current systems are essentially 
and necessarily dependent upon the third-rail and that the 
overhead trolley 15 a thing individual to, and has been developed 
for alternating-current operation only. This impression should 
be corrected, not of course for the information of engincers, 
but because this somewhat erroneous idea 1s in danger of being 
accepted as a fact by non-technical men. 

The overhead system has been a distinctive feature of all 
electric roads operated by direct current since the days of the 
historic Richmond road, with the exception of those using the 
third-rail; and until recently the only practical modification has 
been the somewhat limited use abroad of the shding bowor roller 
in place of the grooved trolley-wheel. This latter, although 
used with high speeds on interurban roads, is unfitted for 
trunk-line operation, and where overhead trolley wires are 
used the long collector will probably take its place. 

Physically, the overhead trolley is not individual to any 
particular system; practically, its use depends upon the amount 
of current which has to be collected. If at low potentials, then 
it must be either strongly reinforced, and there must be a 
plurality of contacts, or if these are diminished the amount 
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of current to be collected must likewise be reduced and 
the potential raised. In the abstract, thcrefore, the possible 
use of the overhead trolley, no matter by what system, is a 
question of allowable operative potential, and the amount of 
current which can be practicallv collected. : 

Identified as I have been with the development of the over- 
head trolley, I cannot but feel a pride in what has been ac- 
complished with it, nor shut my eves to a certain. fascination 
in the conception and knowledge that there mav be transmitted 
over great distances, and taken at will from almost a spider's 


Fic. 16—O.rlikon trolley in tunncl—single-phase M. G. Locomotive 


web, an enormous power. Ап ardent advocate for years of 
the use of higher potentials, and fully aware of the limitations of 
the direct-current standard which has existed so long, I believed 
for a long time in, and advocated the use of the overhead 
trolley as the only practical working conductor for potentials 
above 1000 volts. 

Until recently the invariable practice with overhead con- 
struction has been to use a flexible wire supported at com- 
paratively long distances on tangents, with pull-offs at curves, 
and easily yielding to the pressure of a trailing trolley. This 
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is the practice which characterizes not only direct-current 
trolley operation, but has also distinguished practically all 
operation abroad where single-phase or polyphase currents have 
been used. The introduction of high tensions has, however, now 
made it necessary to provide by additional supports against the 
possible breakage of the trolley-wire. This had led to the 
introduction of catenary construction, the catenary being either 
single and supporting the trolley at frequent intervals, or 
double to prevent lateral swaying. In the former case, the 


Fic. 17—Oerlikon trolley—over-contact 


trolley is only partly flexible, and in some cases the support 
has been supplemented by an intermediate catenary, as on the 
Blankenese-Ohlsdorf railway, (Fig. 9) where greater flexibility of 
the trolley-wire itself is insured by loosely suspending it from the 
lower member of the catenary instead of making the latter the 
trolley-wire, and providing for varying the tension. In other 
cases it is to some extent maintained by having less frequent 
supports, and also by introducing a movable part at the sus- 
pender. 


4 
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The most recent and extended application of double-catenary 
construction is that on the New Haven road for use with its single- 
phase locomotives (Figs. 10-13). Herea trolley wire is put under 
high tension, and is supported at frequent intervals by solid 
clips attached to rigid triangles, in turn secured to galvanized 
iron wire cables carried on insulators on the top of bridges 
which span the tracks at intervals on tangents of about 300 
feet. The catenaries are drawn together between the spans so 
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Fic. 18—Oerlikon trolley—under-contact 


as to give the utmost rigidity to the whole system, the intent 
being to maintain the trolley-wire as nearly as possible in one 
plane. At cross-overs and sidings (Fig.11) the supporting triangles 
overlap, and the angle between the junction and the trolley 
wires is filled with additional conductors, more readily toinsure 
safe passage of the vertically moving sliding contact which has 
been adopted. At intervals of about two miles the trolleys are 
sectionalized at anchor-bridges, (Fig. 12) where are provided the 
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necessary switches for cutting out sections, and for looping to 
extra supply conductors. 

Among the innumerable trolleys which were tried in early 
days was a roller of considerable length, mounted at the end 
of a rod having a vertical telescopic motion in a tube carried 
on top of the car, and pressed against the wire bv a spring in 
the tube. This was abandoned in favor of the trailing trolley 
which would more readily follow variations in the trolley-wire. 
The modern pantograph is an elaboration of this early idea, and 
has a very much greater latitude of vertical movement. It con- 
sists of a sliding or rolling contact, which forms the upper number 
of a light, yet strong collapsible structure maintaining an up- 
ward spring pressure. The theory of this system of collection 
is, of course, that a locomotive normally moves between two 
parallel planes, on one of which it runs and from the other of 
which it collects current, and that the ordinary motion of the con- 
tact will be inappreciable. This assumption 15, however, modified 
in practice. The collectors are carried normally 22 feet above the 
track on a superstructure (Fig. 7) which must respond in some 
measure to track irregularities, апа which has considerable 
inertia and some friction. There is a drag because of friction 
against the trolley-wires, and wind-pressure due to motion of 
the locomotive. This upward pressure must necessarily be 
changeable because of variation of angle, friction, and the re- 
sultant motion. To maintain contact it must rise and fall. 
When travelling 70 miles an hour it passes supports which are 
more or less rigid nine times a second, and between these sup- 
ports the trolley-wire, no matter what the tension, will be con- 
vexed upwards. As the collector approaches апу suspender 
the pressure will normally considerably increase, and, as it. leaves 
it, diminish. The practical question arises, whether, consider- 
ing all the forces acting on it and its inertia, it can satisfactorily 
respond in addition to other requirements to a double change 
in vertical direction nine times a second. If contact depended 
upon the whole structure of the pantograph moving thus 
rapidly some trouble might be anticipated, but possibly the 
elasticity of the upper part will prove suthcient. 

It is interesting to note that Mr. Joseph Mayer, the former 
chief engineer of the Union Bridge Company, in a paper read 
before the American Society of Civil Engineers, and also in 
several other communications, has given a great deal of thought 
to the question of overhead construction, and has made elab- 
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orate calculations of strains involved. His conclusion was to the 
effect that no trolley wire put up under high tension, and sup- 
ported in the rigid manner provided by the present catenary, 
offered either a sufficiently safe or economical method of con- 
struction, and he was therefore led to the development of two 
departures in practice. The first was the use of an overhead 
rigid iron rod 1.25 in. in diameter, suspended by catenaries, 
and provided with extension-joints; the second (the first method 
apparently having been found too expensive) is a method of 
flexibly supporting a trollev-wire at long intervals from in- 
verted pivoted suspenders, which provide a support for the various 
section-lengths according to the end-slopes (Figs. 14, 15). The sus- 
pender grips the trolley only along the center, and then it opens 
out in large radii to give a graduated resistance to both vertical 
and lateral deflection. Mr. Mayer's analysis of conditions, the 
mathematical deductions, and his proposed remediesasillustrated 
by his detail plans, well merit serious considcration. 

Ап ingenious method of making contact with an overhead 
singletrolley-line isthat developed by the Oerlikon company under 
the direction of Mr. Huber (Figs. 16, 17, 15). In this system the 
trollev is stretched with comparative rigidity on top of insulators 
supported on posts alongside the track, with cross-overs where 
needed. In place of the ordinary wheel and bow trollevs, a 
curved hinged arm of fair length, and sweeping over nearly 
one half a circle in a plane transverse to the line of track, 1s 
supported on insulators on the side of the car. Normally, this 
bow rests on top of the wire, pressing lightly on it, and thus 
avoiding the under formation of icicles. Оп cross-overs and 
in tunnels, where the trolley-wire 1s carried over the track, the 
arm swings toward the center of the car, and is depressed, mak- 
ing contact progressively from the top around to the side and 
then underneath the trolley-wire. In addition, the saddle 
which carries the bow ts movable laterally, increasing the radius 
of action, Of course two bows can be used. I believe that 
in some of the experiments a roller has been tried. . Two dithcul- 
ties present themselves; one the fact that the wire is pressed 
down from the top, the strain of the weight being added to by 
the pressure of the contact bar, which can be, and I believe has 
been on one test minimized by having the wire supported by 
and above two catenaries, just the reverse of the New Haven 
practice; the other objection is that at cross-overs the trolley- 
wire is very close to the top of the car. 
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The system is somewhat similar to one originally proposed 
in my earlier trolley work, where two vertical rollers with uni- 
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versal flexible support made contact, one on each side of a trolley- 
wire, and at crossings one was deflected below it. This was not 
put into practice. 


Fic. 19—Ganz overhead trolley support 
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A very neat structure for the overhead trolley, whether of the 
ordinary or catenary suspension, is that designed by Mr. C. 
de Kando of the Ganz Company, (Fig. 19). 

The alternative type of working conductor is the third-rail. 
already adopted on about forty roads, someof considerable extent, 
most of them with heavy passenger traffic, and operated under 
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Fic. 20—Details of Wilgus and Sprague protected third-rail 


greatly varying conditions. А large proportion of these roads 
have used the ordinary type of top-contact rail, carried by 
insulators on the ties, sometimes entirely exposed, and again 
partly guarded by side boards, as on the Manhattan Elevated, 
or by a wooden shield carried by vokes from the rail itself, ason 
the Interborough. While this is the simplest form of third-rail 
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Fic. 21—Details of Wilgus and Sprague third-rail 
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construction, and has given good service for years, it has certain 
disadvantages. If exposed, it isa constant menace, especially in 
yards; and even when guarded it cannot be wholly protected from 
snow and ice. The lower part is only about four inches above 
the tie, while the holding-clips generally used reduce even this 
clearance, so that the danger of grounding from accumulation of 
wet snow, ashes, and from flooding is increased. In the lat- 
ter case, over-all flooding has the whole rail-surface for 
leakage. 

These various objections led to the abandonment of the top- 
contact rail in connection with the New York Central work, and 
the development by Mr. Wilgus and myself of a new type—an 
under-contact sheathed rail—supported by insulators from 
brackets carried on the ties, and with the body of the rail about 
nine inches clear (Figs. 20-29). The results have been so satisfac- 
tory that this type of rail has been adopted for the 285 miles of 
trackage under electrification, as well as on a number of other 
roads. It differs from the top-contact rail in that it affords far 
greater safety, more certainty of continuous operation, and can 
be used with higher potentials. 

The structure consists, briefly, of a series of iron brackets 
carried on the ties, to the tongued vertical face of which are 
clamped non-charing  moisture-proof insulator-blocks which 
loosley embrace the head of the rail. Intermediate between the 
insulators the rail carries an insulating sheathing, which em- 
braces the head and reaches down nearly to the bottom face 
of the rail, but extends outward from the web to form a petticoat 
protection against snow and sleet. 

The position of the rail depends primarily upon the clearance 
requirements. To meet those of ordinary trunk-line rolling 
stock, the bracket-height is made so that the under-contact 
surface of the third-rail is 2.75 in. above the surface of the 
traffic rail, and the center of the rail 27.25 in. from traffic rail 
gauge line (Fig. 22). On account of using the under-contact, the 
body of the rail is of course considerably higher from ties and 
ballast than that common in top-contact rail construction, being 
about five inches more. 

On crossings, the horizontally extending flipper-shoe, pressed 
upwards by a spring, lifts and clears the traffic rail by a fairly 
safe margin. At switches, to accommodate the lateral dis- 
placement of a locomotive when taking the siding, while not 
reducing the clearance from the protective sheathing on the 
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straight track, the lower head of the rail is specially formed; 
similar construction is necessary for engaging the shoe when 
entering a straight track from an angle. 

For moderate potentials, say of 600 volts, the two halves of 
the insulator-blocks are alike, but for the higher potentials the 
inner insulator-block, that is, the one next to the face of the 
bracket, is extended so as partly to shroud the head of the bracket. 
The sheathing between the insulator blocks, depending upon 
local conditions and price of materials, as well as potential used, 
is formed of three wooden strips, one grooved on the under side 


Fic. 235— Three states of third-rail construction, New York Central 


and enclosing the head of the rail, and the other two, attached 
to and dependent from it, reaching in towards the web ofthe 
rail. Where good wood is not available, an alternate protection, 
costing about the same and having a higher electrical resistance, 
although not quite so good a mechanical one, is a semi-flexible 
shell of indurated fibre conformed to the rail-section. 

To get the highest protection both mechanically and 
electrically, the two methods of sheathing can be used, or 
in place of the inner sheathing of indurated fibre the wood sheath- 
ing can be carried slightly removed from the rail-surface by non- 
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hydroscopic saddles; this leaves an air-space between the wood 
and rail, prevents warping, and affords the necessary physical 
support for rigidity. 

At passenger stations, where special precaution may be deemed 
advisable, and in freight yards the double protection can be 
used, and any required thickness of insulation adopted without 
reducing clearances by reducing the cross-section of the rail at 
these points. The conductivity will of course be made up by 
the number of rail-circuits in parallel at these points. 


Fic. 24— Protected third-rail on 4-track division, New York Central 


This protection is of such character that passengers, as well 
as employees in the normal discharge of their duties are fully 
protected. In sleet-storms none reaches the contact surface, 
small icicles only forming at the edge of the petticoats, and 
these are easily broken off by the passing shoe. 

Of course there is no packing of snow between protection and 
contact rail, and the increased distance from the ground reduces 
the tendency to leakage. An accidental advantage is a reduction 
of the tendency to creep and buckle because of less abrupt and 
wide changes in temperature. 
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General comparison of working conductors. All working con- 
ductors are in many ways objectionable, but since they are a 
necessary connecting link between the source of supply and the 
motors, some comparisons may be made of the two kinds, the 
under-contact, protected type of third-rail and the overhead 
trolley, as affected by construction and operation. 

. The third-rail is an inert structure, it can be aligned ac- 
curately with the track, is not under strain, and its expansion can 
be readily taken care of. The overhead trolley is necessarily a 


Fic. 25—Third-rail reconstruction after wreck 


system under strain, and where permanency is desired and high 
potentials are used it must be carried by one or morecatenary 
cables, which on roads of high curvature makes the construction 
more difficult. Its alignment in the latter case does not corres- 
pond with the line of track, and as ordinarily constructed it is 
subject to extreme variations of tension on account of weather 
changes. 

The third-rail offers some hindrance to the ordinary main- 
tenance of track; but overhead construction is inelastic, and the 
laying of additional tracks, or changes in grades or alignment 
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require radical and expensive alterations or additions in perma- 
nent overhead structures. 

Derailments will crush one form of conductor to the ground, 
forming a short-circuit which will cut off the section; but they 
may also knock down the supporting structures of the other, 
and, where there is a plurality of tracks, put them all out of 
service. 

In wrecking, the third-rail offers some obstruction to the 


Fic. 26—Details of Wilgus and Sprague Protected third-rail on Phila- 
delphia Rapid Transit Railway 


throwing of the equipment to one side; but on the other hand, 
overhead conductors may interfere with the operation of the 
crane-booms of the wrecking car. 

Where there are two or more tracks snow cannot be piled up 
between them if the third-rails are located there; but on the 
other hand, overhead conductors are a source of danger to train 
men, to snow-shed and tunnel repairers, and in the open are 
subject to troubles of sleet formation. 
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The third-rail will oftentimes be covered with snow, but is 
unaffected by sleet. Very thorough tests made in connection with 
the New York Central work show satisfactory operation, not 
only in sleet-storms but with the rail buried in snow. Addi- 
tional depth should not add much difficultv. With regard to 
frogs and switches, there are no problems which cannot be 
solved with this tvpe of third-rail, with an occasional overhead 
section, and any required amount of power can be collected at 
operative speeds. 

On western roads, where a rotarv snow-plough is used, over- 


Fic. 27— Protected third-rail suspended from above, Philadelphia 
Rapid Transit Railway 


head conductors and the supporting insulators, especially in 
yards, will be subject to a heavy bombardment of snow, ice, and 
refuse, with possible resultant breakage, and the under sides of 
the umbrellas of the insulators will be often filled up with wet snow. 

As to danger to passengers or emplovees, this is largely 
overcome where the under-contact third-railis properly protected, 
and is designed with due regard to equipment clearances. With 
an overhead high-tension trollev, there is, on trunk railways, 
where there are overhead street or highway bridges, tunnels, and 
snow-sheds, great possibilities of danger because of rearing 
equipment in case of derailments or collision, and the physical 
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necessity of often bringing the trolley within a short distance of 
the cars. 

Then there are corrosion and soot deposits when steam and 
electric operation are maintained over the same track. Where 
the steel supporting bridges also carry signals, as is proposed 
in some cases, there is increased danger to men engaged in 
cleaning, painting, or repairing overhead structures, and taking 
care of signals; and when spanning two or more tracks there is a 
possible interception of the train operator's view of signals 
because of dips in the railroad grades bringing overhead bridges 
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Fic. 28— Protected third-rail after sleet storm 


in front of the semaphores, which likewise may be made less 
distinctive if they have truss members for a background. 

In the matter of inspection, that of the third-rail can probably 
be carried on by the regular section hands, and ordinary repairs 
made without interfering with traffic. Repairs of an overhead 
system on a main trunk-line present some special difficulties. 
It will often require judgment and experience to determine just 
where trouble may exist, and in any case that particular section 
of the line must be absolutely cut out and made dead. If the 
repairs be other than at a rigid cross-suspension, it would seem 
that they would have to be made from the top of a structure. 
running on, and for the time being occupying the rails, and 
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propelled by its own power. The old practice common to street 
overhead trolleys is of course unavailable; there a construction 
wagon can drive on to the track and off again at will, and the 
line even while alive can be readily repaired, but a practice 
possible with 600 volts would probably be fatal when attempted 
with the very high potentials now obtaining in single-phase 
operation. 

In this latter system it seems vital in the interests of general 
safety that every crossing bridge, and every supporting structure 
should be mechanically and permanently connected with the 


Fic. 29—Protected third-rail buried in snow 


return circuit of the rails, to avoid the possibility of such struc- 
tures being in partial or complete contact with the overhead 
conductors and not absolutely grounded, and at all crossings 
and highways both the catenaries and the trolley-wire should 
be thoroughly shielded from either accidental or wilful inter- 
ference. 

The time-honored tickler in universal use on steam railways 
to warn freight brakemen of the proximity of highway crossings, 
bridges, and tunnels seems unavailable with an overhead system; 
because if it did not catch in the pantograph collector it would 
be an ever present menace not only in wet but also in dry 
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weather, because of the possibility of 1t coming in contact with 
the overhead line. 

Where single-phase alternating currents are used, the mag- 
netic and static inductive effects on telephone and telegraph 
circuits cannot be ignored, nor the danger of interference with 
signal systems disregarded. 

The attitude of city authorities may 1n time raise effective 
obstacles to the use of overhead wires except where all crossings 
pass beneath the line of the road, and will I think, ultimately 
require new third-rail construction to be fully protected—even 
although on a private right of way. 

Relative | direct-current potentials in overhead. trolley and 
third-rasl. Now that the improvements in direct-current 
motor construction, not only those promised but those actually 
accomplished, have made 1t possible, quite irrespective of what 
may be done with alternating-current motors, to use much 
higher potentials than ordinary—not of course as high as 
those available in single-phase alternating-current svstems— 
the question sometimes arises: Will not the permissible potential 
be high enough, taking into account certain other facts, to meet 
in large measure the demands of railroad operation, whether by 
overhead or third-rail? 

Engineers have generally proceeded on the assumption that the 
use of a sufficiently high potential for practical purposes is possible 
only with overhead conductors. In the Siemens-Schuckert installa- 
tion at Mazières, (Fig. 30) where 2000 volts direct current are used, 
the current is taken from two trolley-wires of like potential sup- 
ported by cross-wire catenaries from side poles of the same 
construction as is commonly used to carry the warning tickler. 

Again, the third-wire system has been proposed, as on the 
Krizik road, and, on a recent installation with many grades and 
heavy tunnels in the Iselle mining district in France, where 
two overhead trolley-wires are used at 2400 volts, with the 
track as a neutral, and with the motors grouped in series of two, 
current being supplied by two Thury generators in seriesand 
grounded in the middle. 

А comparison of potential relations giving the same losses 
on three systems is interesting. The systems are: 

1. Three-wire, with 2 No. 0000 trolleys, and 75-lb. bonded 
single track. 

2. Two-wire, with same trolley-wires and track-return. 

3. Third rail, 70-Ib. special, and with same track-return, 
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Fic. 30—Siemens-Schuckert 2000-volt direct-current installation at Mazi¢res 
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The following table gives the comparisons: 


Resistance 
System рег double Ratio of А/ Б ано Comparative 
mile Resistance Voltages 
No. 1 0.52 ohms 6.6667 2.58 2400 3100 
No. 2 0.165 “ 2.1154 . 1.45 1350 1740 
No. 3 0.078 “ 1.0000 1.00 930 1200 


On such a showing there is little excuse for departing from 
the lower potentials and the simpler systems, and being handi- 
capped with the higher voltage problems and complication of 
switches in the three-wire system. If any smaller trolley-wire 
be used, then the disparity between No. 1 or No. 2, and No. 3 
would be emphasized. 

The relation of potentials indicated in this table raises the 
question whether, in view of the disparity of current con- 
ducting capacity between an overhead system and the third- 
rail, it is not also possible that a sufficiently high potential can 
be used on the latter if from a practical railroad standpoint the 
balance of advantages and objections should be sufficiently in 
its favor to warrant its material extension. 

Some time ago I stated that in my opinion it was practicable 
to operate at double the ordinary potentials with a properly 
protected under-contact sheathed third-rail. I am glad to be 
now able definitely to announce that it seems possible to con- 
struct and operate at these increased potentials with a degree 
of safety hitherto deemed doubtful. The details of the par- 
ticular construction necessary must for practical reasons be 
withheld for the present. 

Early alternating-current proposals. In all the discussion 
concerning direct-current and alternating-current systems, it 
should be kept in mind that the proposal to operate electric 
railways by single-phase alternating currents directly is not a 
novelty, but has had its ardent advocates for a good many years. 
The late Charles Van Derpoele was one of the earliest to propose 
this plan; Mr. Ward Leonard has for 15 years advocated the use 
of a single-phase trolley supplying a motor-generator to operate 
. direct-current motors, a plan often now repeated; and Mr. Arnold 
attempted the solution by the combination of a single-phase 
motor operated in conjunction with a pneumatic engine. The 
Siemens & Halske company conducted the elaborate and costly 
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high-speed Zossen experiments, and the Ganz company have 
been indefatigable workers in the polyphase field, their Val- 
tellina and Simplon Tunnel installations deservedly command- 
ing widespread attention. Finzi, Winter, Eichberg, La Tour, 
and others have developed the compensated repulsion type 
of single-phase motor, and committed themselves to its future. 
Lamme, Steinmetz, and our American manufacturers have 
essayed the solution with. the. compensated series type, at 
first with 25 cycles, and some now favoring 15 cycles or 
less. 

It is, therefore, incorrect to say that the development is 
entirely a modern one while that of the direct-current motor 
has extended over a number of years, for that statement 1s mis- 
leading. Where a score of men were active in direct-current 
development in the earlier days, handicapped by lack of knowl- 
edge and experience, to-day the efforts of hundreds of highly 
trained men, with all the resources of great capital and manu- 
facturing establishments, have been assiduously directed to- 
wards solving the single-phase problem. I think it is safe to 
say that there is little in its possibilities which has not for some 
time been fairly well known, and which could not be predicated 
very closely by theoretical investigation. Nor can I repress 
the feeling that the same amount of energy, money, and zeal 
spent on higher potential direct-current developments will 
produce some remarkable results. 

Fifteen-cycle operation. The principal object sought, and cer- 
tainly a most desirable one in the use of higher potentials, 
whether direct current or alternating current, 1s not now so 
much reduced cost of working conductors on a trunk-line 
system—for practice has shown that this cost is not materially 
affected—but lessened feeder investment, increase of sub- 
station distances, reduction of total sub-station capacity, and, 
in the single-phase system, the abolition of moving machinery 
in the sub-stations. 

The raising of the potential on direct-current equipments will 
not be without some objections, not so much. as I have indi- 
cated, in the actual construction or use of the third-rail or the 
overhead trollev, nor because of difficulties in the matter of 
commutating and grounding, but rather on account of some re- 
duction of capacity because of less slot апа winding efficiency 
where the motors are individually constructed for the higher 
potentials, this feature being less important if two machines are 


1907] SPRAGUE: TRUNK-LINE OPERATION 1185 


operated in series. The controlling systems present some added 
difficulties, but nothing insuperable. 

The degree of success of the alternating-current development 
.will depend primarily on the development of capacity and all- 
round operative features in single-phase locomotive and car 
equipments. The 25-cycle motor (hitherto the only frequency 
actually installed for single-phase equipments) whether judged 
by individual comparison or specific equipments, as I have 
already illustrated, or the general testimony of electrical 
engineers of manufacturing companies has proved inadequate 
when compared with its rival. To correct this defect it has 
been proposed to adopt 15 cycles as а standard of operation. 

This number of cycles has been under consideration for some 
time. It is successfully used by the Ganz company in its poly- 
phase installations, it has been proposed in this country by the 
General Electric and Westinghouse companies for important 
work, and has lately been urged as a standard by a number of 
engineers. | 

Considered solely from the standpoint of the series com- 
mutator type of railway motor, a reduction from 25 to some 
lower compromise number of cycles—15 if you please—has 
certain distinct advantages; for it should make possible the use of 
higher field induction, larger air-gap, higher armature potential, 
slower armature speed, and less sparking—all making for in- 
crease of motor capacity for any given weight. and affording 
greater mechanical freedom in construction and operation. 
It likewise increases the capacity of trolley and track circuits, - 
and raises the power-factor both of the line and the motor; but 
against this is an unavoidable increase in the weight of trans- 
formers, which, according to such facts as I have at hand, about 
offsets the saving in motor-weight, It appears, then, that the - 
total weight of single-phase apparatus on a car for a given ca- 
pacity is approximately the same within a very wide range 
of variation of the number of cycles. There are, in addition, 
special objections in the matter of turbine and generator con- 
struction, as well as in other directions. 

It is difficult to establish. exact comparison of equipment 
weights unless one personally conducts tests, or has com- 
plete technical reports which have been made on identical 
bases; but the following table 15 one comparison of early esti- 
mated weights of complete equipments of two recent typical 
tvpes of like nominal capacity. 
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Weight of 4-Motor Alternating-Current Equipments. 


M OLOR facet etes mund eke fata A B 
CVO e os tassi adeste eate И 15 25 
Nominal capacity per motor........ 75 h.p. 75 h.p. 
Individual Weights: 
ATTY Oss oo bed beum ES 1333 Ib. 1146 lb. 
Irc EIE E 2414 “ 2646 “ 
Gear, case, and pinion............. 398 “ 407 “ 
Total Motor. 4. vk ш. шж. ууз 4145 “ 4199 “ 
Car Equipment: 
d MOUOES КГК ГОТ Г О ОО Т 16580 Ib. 16796 1b. 
Transformer and rheostat.......... 6750 “ 4325 “ 
Controller and adjuncts............ 1000 “ 1200 “ 
T Polly ares ouch d Quit Г СГ 500 “ 500 “ 
Wiring, switches, ete. (?)........... 1950 “ 1239 * 


26780 “ 24060 “ 
Excess A over В.................. 2720 “ 


These totals are not final in either case, for the individual 
motor weights of each type will very likely be increased from 
300 to 450 Ibs. in regular manufacture. But allowing for such 
changes and corrections as seem reasonable, not only is no actual 
saving in А over B probable, but the excess of nearly a ton and a 
half against the 15 cycle equipment will remain in some makes. 
On the other hand, the manufacturers of B hope to show about 
10%. total saving in the weight of a 15 cycle equipment, but this 
hope 1s based upon theoretical estimates, not actual performance. 

On other sizes it is probable that these relative differences will 
vary somewhat, but a comparison of the weight coefficients of 
large 15 cycle motors and direct current motors of like weight 
show a ratio of two to one in favor of the direct current machine. 

Motor and locomotive constructions. Motors are of the 
geared and gearless types, may be entirely separate units or 
partly integral with the truck-frame, and may be wholly or 
partly spring-supported. Locomotive designs, influenced in 
part by the tvpe of motor adopted, show a great variety of 
constructions, and mav be very gencrally classed as rigid frame 
with all weight on the driving axles and without leading trucks; 
rigid frame with either single axle or bogie leading trucks at 
each end; and bogie-truck locomotives, the bogies being pivoted 
under the cab, and sometimes linked together. 
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On all multiple-unit trains, except such as are designed for 
very high speed, in which case there 1s a possibility of a gearless- 
motor development, the standard method of motor-mounting 
introduced on the Manhattan Elevated Railway in 1886, and 
which has been in vogue ever since, bids fair to continue. It 
provides for centering the motor and carrying a part of its 
weight upon the driven axle, to which it is connected by any 
required ratio of gearing, the other end being flexibly suspended 
from the truck above the side springs. 

Up to capacities of 250 h.p., about the limit required and 
permissible for motor-car equipment, single driving on one 
end can be used; but when this type of motor is built for larger 
sizes, in connection with locomotives, it seems almost necessary 
to provide for gear-driving at each end, which presents some 
difficulties in construction. To overcome these, the introduction 
of a spring has been proposed, but the use of an adjustable gear 
rim seems preferable. Ё 

To reduce the dead weight on the axle, one of the French rail- 
ways some years ago centered the motor on a quill which sur- 
rounded, but was supported clear from the axle, connection 
being made from the quills to the drivers through springs. 

The rigid wheel-base type of locomotive without leading 
trucks is illustrated by an direct-current machine built under 
the direction of some associates and myself a number of years 
ago for experimental work on one of the lines running out of 
Chicago, and also by one class of double-unit locomotives which 
has been frequently proposed by various companies for single- 
phase alternating-current operation. 

The former, (Fig. 3) of 1,000 h.p. capacity, had four axles, on 
each of which was mounted the armature of a gearless motor, the 
field- magnets being attached to the axle-boxes. To insure equal 
duty on motors, and the maximum tractive effort for its 70 tons 
of weight, the drivers were coupled together and quarter- 
cranked, the connecting rods being balanced. The controller 
was operated bv an air cylinder, and followed in time and degree 
the motion of a pilot lever. 

Each half of the double-unit locomotive shown (Fig. 31) has 
three axles, to each of which is geared an alternating-current motor, 
after the usual fashion. Each section has a rigid wheel-base of 
about 12.5 ft., and weighs from 65 to 70 tons, making a total 
weight of from 130 to 140 tons for a unit having a rated capacity 
of about 1500 h.p. with natural ventilation. 
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An analysis of the action of a locomotive demonstrates beyond 
question that this general type of machine, that is, one having a 
rigid frame and no guiding trucks, is limited to moderate speeds, 
and would be unsafe if operated at high speed on a road with 
much curvature and special work. Notwithstanding the fact 
that it has been strenuously advocated, even recently, I think 
this particular type will not find favor among the railroad men, 
and it is already practically abandoned in the proposals of the 
manufacturers, in favor of a bogie-truck type, or an articu- 
lated type composed of two rigid frames with single axle leading 
trucks at each end of the complete unit. It is also proposed to 
carry the geared motors, centered on a spring-connected quill, 
directly over the main driving-axles, and to support the entire 
motor by springs from the locomotive-frame. 

Particular interest naturally centers upon the distinctive types 
of locomotives installed on four important railway systems, the 
Valtellina and the Simplon Tunnel in Switzerland, the NewYork 
Central, and the New York and New Haven, which well 
illustrate three of the principal methods of construction de- 
veloped to meet the demands of different electrical systems. 
I will briefly describe each, as well as make some comment upon a 
few of the many other types recently proposed. á 

As illustrating a high order of electrical and mechanical 
engineering, the work of the Ganz Company merits special men- 
tion; for it is undoubtedly true that the present status of the 
polyphase system, which stands on a favored plane with many 
Italian engineers, is owing almost entirely to the efforts of 
this company. 

The polyphase motor locomotives (Fig. 6) built for the Valtellina 
Railway and for the Simplon Tunnel are strikingly individual 
in their constructiori. The axle mounting of motors is abandoned, 
the motors being entirely separate units mounted on the loco- 
motive frame, and coupled to each other and the 62-inch driving 
wheels through an ingenious combination of connecting- and side- 
rods. Of the three pairs of main drivers, the middle only is 
journaled in the main frame, each end-pair being journaled at 
one end of a pivoted guiding truck, at the outer end of which are 
guiding wheels about one half the diameter of the driving wheels. 
The end drivers have a limited end play, and one king bolt has a 
similar freedom of movement, while the other is fixed, resulting 
altogether in great freedom of adjustment to track curvature. 
The two motors, spring-supported through the locomotive 
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frame, are each quarter-cranked, and connected to side-rods 
having downwardly projecting jaws which loosely engage the 
driving pins of the middle drivers, the centers of which aresome- 
what below the centers of the motors. On each sideof the jaws 
of the side-rod are coupled the connecting-rods of the outer 
drivers, provision being made in all bearings for the necessary 
freedom of movement and adjustment. 

In an earlier type, the locomotives were equipped with two 
sets of twin motors for high and low tension, the low tension to 
be operated in cascade relation to get slow speed in starting and 
for running on grades, then to be cut out and the regular running 
to be with the high-tension motors alone. In the latest ma- 
chines the twin-motor construction has been abandoned, and the 
locomotives are equipped with two 15-cycle high-tension poly- 
phase motors, one having 8 and the other 12 poles, and an 
arrangement of field-circuits in the latter machine such that it 
can be temporarily made a low-tension motor operating in 
cascade relation with the other. This combination permits of 
three regular operating speeds of about 16, 26, and 40 miles per 
hour. At the lowest speed the motors are in cascade relation 
with high draw-bar pull, at middle speed the 12-pole motor is in 
operation alone on high tension, and at the highest speed the 8 
pole motor is used alone, likewise on high tension. ОЁ course 
the physical connection of the two motors together and to all 
drivers makes this method of operation possible. The rated 
capacity of the motors, as given by Valatin, is extraordinarily 
high, that with the 12 poles beiny stated as 1200 h.p. and that 
with 8 poles 1500 h.p., based upon the one hour rise of tempera- 
ture to 75 degrees. The motors average about 13 tons each. 

The use of connecting-rods in this locomotive is not as ob- 
jectionable as the use of the driving- and connecting-rods in a 
steam locomotive, because the strains are very different and the 
rotative weights can be far more perfectly balanced. It can be 
fairly said to have the advantage that with the minimum pos- 
sible weight of locomotive there 1s no such thing as slipping an 
individual wheel. a trouble which will occur at times with all 
locomotives having independentlv driven axles if equipped with 
powerful enough motors, because of variation in motor character- 
istics, track and wheel conditions, and unequal wheel pressure 
caused by the drawbar pull. 

Almost the entire weight of the locomotive is spring-borne, 
and the behavior of the machine on curves even at high speeds 
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ought to be very satisfactory. The same general constructicn 
would lend itself very effectively to the application of high- 
tension inter-pole direct-current motors, and may be very 
seriously considered in this connection. 

The general characteristics of the New York Central type of 
locomotive (Fig. 4) the Batchelor machine as developed by the Gen- 
eral Electric Company, is pretty generally understood, and my 
description will be limited. It consists essentially of a heavy 
steel frame in which are journaled four main axles, and which 1s 
terminated by pivoted single-axle ponies provided with spring 
resistance against deflection from the central position. The 
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Fic. 32—Armature of bipolar direct-current motor 


motors are the gearless type, the armatures being mounted 
directly on the axles, (Fig. 32) and the bi-polar field-magnets form- 
ing an integral part of the main frame; they are, therefore, carried 
with it by the equalizing springs, and have free motion relative 
to the armatures. In addition to the regular truck frame, an 
additional path is provided for the magnetic flux, which passes 
through all the armatures and field poles in series, by a heavy bar 
extending the length of the frame and carried above the motors. 

Being of the two-pole type, (Fig.33) and with a quadrant wind- 
ing, the motors are extraordinarily free from sparking tendencies; 
in fact, they are, structurally, natural 1200-volt machines, al- 
though only wound for present operation at 750. бо marked is 
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this characteristic, that the brushes, which are 180 degrees 
apart, instead of being carried on yokes concentrically with the 
commutator, are carried on arms attached to the field-magnet 
frame, (Fig. 34) and although moving with it function perfectly. 

The electrical and mechanical construction is, therefore, re- 
duced to an acme of simplicity never hitherto attained in electric 
locomotives, for not only are there no gears, but there are no 
armature or field bearings, quills, driving-spiders, or special 


Fic. 33 - Longitudinal seetion--bipolar direct-current motor. 


spring connections, although all the weight of the motors except 
the armature 15 spring supported. 

The air-gap is very large, and as the pole pieces are very 
nearly flat a complete axle unit with its armature can be readily 
dropped out, and replaced without disturbing the balance of the 
motor equipment. This tvpe of machine, of course, cannot be 
used with апу form of alternating current directly, no matter 
what the frequency. 

When first proposed the design was considered so radical 
that its choice met with a good deal of criticism, but experimental 
trials extending over two years, with 67,000 miles of operation: 
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amply demonstrated its remarkable reliability and efficiency, 
qualities confirmed by the operation of 35 of these locomotives 
now delivered:and in regular service. 

The total weight of the locomotive, without heating equip- 
ment, is about 95 tons,of which 70 tons is on the drivers. The 
nominal capacity, with 75 degrees rise and natural ventilation, 
is 2200 h.p., at which output with 600 volts the machines run at 
300 revolutions, corresponding to 40 miles an hour. The rigid 
wheel-base is 13 feet, the total wheel-base 27 feet, and the length 
over all 37 feet. | 
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Fic. 34—Transverse section—bipvlar direct-current motor 


The individual control is the series-parallel bridge method, | 
with resistance variation, the grouping of motors varying from 
four in series to four in multiple, and current is taken from the . 
under-contact rail by side-extending flipper-shoes. 

The original specifications required each locomotive to handle 
a trailing load of 400 tons on a specified service, two locomotives, 
under common control by the multiple-unit system, to be used 
with the heaviest trains on high-speed runs. It is most 
satisfactory to find that these locomotives have developed 
an extraordinary emergency hauling capacity, such that there is 
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no train pulled out of the Grand Central Station, into which the 
first run was made September 30, 1906, which cannot be handled 
by a single machine at the speeds required within the limits of 
present operation. 

The exigencies of service are responsible for a recent re- 
markable test of this tractive power. On April 26, the Lake 
Shore Limited, north bound, consisting of nine heavy Pullman 
cars hauled by a Central-Atlantic type of steam locomotive, was 
stopped in the tunnel under 66th street, on a point 0.5% up- 
grade, because of some mishap to the engine. Following it was 
a train of seven standard day coaches, shopbound and hauled 


Гіс. 35 — Turbive room, Port Morris power station 


by an electric locomotive, which promptly coupled on to the 
leading train, and without any assistance from the steam loco- 
motive, which was dead, started the entire load of 16 cars and 2 
locomotives, weighing nearly 1,000 tons, with good acceleration, 
and made the run up а 1.02€% grade, a half-mile long, at sat- 
isfactory speed and without difficulty. 

Those concerned with the planning and installing of the 
New York Central equipment justly feel that it is epoch-making 
in forwarding the march of electrification, and it is gratifying to 
note that although the electric service was inaugurated only as 
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recently as the 22nd of last December, has been developed 
under extraordinarily difficult circumstances, and has had to 
face much adverse criticism because of a serious accident due to 
extraneous causes, already 305 train movements, representing 
86% of the present total of the New York Central and Harlem 
trains, both locomotive-drawn and multiple-unit, are operated 
electrically. The aggregate delay has been less than with the 
old steam service, a fact particularly noticeable in times of 
snow-storms. The main station (Fig. 35) output for 24 hours is 
but about 65,000 kilowatt-hours, and when the batteries are in 
service but one steam unit 1s required at time of maximum load. 
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Fic. 36— Motor and axle unit of alternating-current New Haven 
locomotive 


The New Haven alternating current-direct current locomo- 
tive, built by the Westinghouse Electric & Manufacturing Com- 
pany, is of the 2-axle free bogie type, the bogies being pivoted 
under, and transmitting their effort through the frame which 
carries the cab, in which are mounted the transformers, blowers' 
rheostats, and controllers (Fig. 37). Оп each truck are mounted 
two spring-supported motors, each complete within itself. The 
armatures are carried on quills, terminating in spiders at each 
end, which engage eccentrically wound springs enclosed in 
pockets in the main drivers (Figs. 36-39). 
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The rigid wheel-base is 8 feet, the total wheel-base 22 feet, 
and the length over all 37 feet. The weight of the locomotive is 
93 tons, having been raised considerably over early expectations. 
It has an hour rating, on the usual standard, of 1,000 h.p. when 
operated at 25 cycles, but is equipped with blowers to raise the 
average capacity. It is intended to handle a 200-ton trailing 
load at schedule, with some margin of performance. 

Although built primarily for operating directly from 11,000- 
volt single-phase alternating current, these locomotives must 


Fic. 37 —Armature bearings and axle unit of New Haven alternating- 
current locomotive 


operate also from the 650-volt direct current while on the 
Harlem tracks. They, therefore, have additional control 
provision, and besides the double-pantograph collectors, have 
contact shoes, those on the side being arranged for lifting by air 
pressure on account of limited clearances on a part of the run. 

The motor armatures are wound for operation at a normal 
maximum of about 250 volts, and hence are connected in perma- 
nent series of two, while the field-circuits are arranged for each 
pair of motors in a separate group, and for series-parallel grouping 
independently of the armature circuits, to provide for the varying 
flux in alternating-current and direct-current operation. Of 


1907] SPRAGUE: TRUNK-LINE OPERATION 1197 


course the two motor groups can be connected for series-par- 
allel operation with direct-current supply, but with the disad- 
vantage of using about double the amount of current at slow 
speeds that is required when four motors, each wound for the 
full potential, are in series. 

The first of these machines, pulling a short train, made entry 
into the Grand Central Station on May 11, 1907, and in a short 
time the operation of equipment should be under service test. 

Some question has been raised as to whether trucks with 
drivers of so large a diameter, 62 inches, on which are concen- 
trated 15 tons of motors in a limited wheel-base, will track 
properly under all conditions of rail. Experience, however, is 
the final criterion. 


* 
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Fic. 38—Armature and driving spider of New Haven alternating-current 
locomotive. 


In order to combine the possibility of single-phase alternating- 
current current transmission at high voltage by overhead 
trolley and the unquestioned advantages of the direct-current 
motor, it has several times been proposed to introduce between 
the line supply and the motors a motor-generator set, comprising 
an induction motor taking current directly from the line, and 
driving a continuous-current generator to supply the motors, 
this converting set being carried in the main cab, with provision 
made for the extra weight by bogie trucks at each end, (Fig.41) or 
in an independent tender taking the place of the steam tender in 
existing steam practice (Fig. 40). Ofcoursethisistheintroduction 
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ofa moving sub-station individual to thelocomotive which is opera- 
ted byit, and makes the latter subject to all the idiosyncrasies of the 
intermediate apparatus, besides laying up an enormously expensive 
machine in case of any special trouble. Where the motor- 
generator set 15 carried in a separate tender, this disablement 
only cuts out a part of the equipment, which can be replaced by 
another like part, but in any case it is debatable whether such a 
moving sub-station offers any advantage over the stationary one. 

Sometime since I made a very careful investigation of the 
possibilities of direct-current gearless and geared motors, (Figs. 
42-43) the former of the bi-polar tvpe, for identically the same 
service, a very severe one. 


Fic. 39 —Truck of New Haven alternating-current locomotive. 


Both machines are of the four-axle bogie-truck type, the 
trucks being linked together. The geared locomotive weighs 
93 tons and the gearless 126 tons, but the weight per axle is 
well within the usual allowance. On each truck are four motors, 
connected two in series, to be operated at a maximum line 
potential of 1500 volts. The geared motor construction is of the 
usual standard, but fitted with commutating poles, while the 
gearless machine has modified bi-polar motors of the N. Y. Cen- 
tral type. 

А comparison of the efficiency. curves of the two machines is 
interesting, these showing for each from 87 to 88€% on a five- 
hour load, and falling only to 83€5 with 50% increase, while at 
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half this load the efficiency of the gearless machine is much 
higher than that of the geared. Some adequate idea of the 
capacity of the gearless machine may be gathered from a state- 
ment that it will maintain a drawbar pull of nearly 25,000 Ib. 
at a good rate of speed for several hours continuously, and with 
natural ventilation. These extraordinary characteristics would, 
for the class of service for which these machines were con- 
sidered, amply warrant the additional weight because of the 
simplicity of the gearless machine. 

A very promising type of machine, (Fig. 44) embodying many of 
the good features of those which had preceded it, is now under con- 
struction by the General Electric Company, for use either on 
direct current, or with a motor-generator set supplied from an 
alternating-current trolley. This machine is of the 4-axle free 
bogie type, the drawbar pull being taken through the main frame. 
On each truck, and forming an integral part with it, are two bi- 
polar gearless motors driving the middle pair of axles, andat either 
end of each truck is a pair of leading wheels of smaller diameter, 
which have a limited, spring-resisted side play. The normal 
wheel-base of each truck is 12 feet, the total wheel-base 32 feet, 
and the length over all 36 feet. This machine should be capable 
of an almost unmatched speed and freedom in following irregular 
curvatures, and with special ease of track approach. 

The various locomotives thus briefly described are but a 
fraction of those proposed by various makers to fit particular 
conditions and types of apparatus. Their construction does not, 
in many particulars, meet the preconceived ideas of some steam- 
locomotive builders, with whom a high center of gravity and all 
the weight possible carried on springs is a cardinal principle, 
and a very correct one when we consider the necessities of the 
steam locomotive. The electric locomotive has a lower center of 
gravity, that of the New York Central machine being about 44 
inches, the New Haven 51, and the Ganz probably somewhat 
higher, while that of the steam locomotive is sometimes as high as 
73 inches. The electric machine, therefore, will have less ten- 
dency to topple over, but a greater resultant side pressure in 
case of irregularity of track when entering a curve, or running on 
an irregular track, than its rival, a larger portion of whose 
weight heels over and increases the vertical pressure on the rail. 
Careful investigation, however, carried on through many sources, 
and inaugurated by reason of the recent derailment on the 
New York Central road, seems to indicate that with electric 
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motors properly guided any increased tendency to side-thrust 15 
more than compensated for by certain other advantages 

Train Control and Operation. Restriction of operation in an elec- 
tric system to methods in vogue with steam operation would be a 
useless throwing away of oneof the geatest possibilities of 1mprove- 
ment in train operation where passenger service is heavy and 
terminal facilities congested. Теп years ago I inaugurated on 
the South Side Elevated of Chicago a new svstem of train 
control which permitted the aggregation into trains of anv 
number of independently equipped motor cars, and dead cars if 
desired, and their control from either end of any car, irrespective 
of train make-up. This system, now known the world over as 
the ‘‘multiple-unit,” (Fig.45) has made such advance that it isnow 
generally recognized and adopted as the best method of handling 
trains wherever service is crowded and high schedules are required. 

The essential result accomplished by this system is increase 
of capacity, by providing high power equipments proportional to 
the length of the train, increased schedules and density of train 
movement, the lowest maximum speeds for any given schedule 
similarity of equipment, reduced switching and signal move- 
‘ments, increased safety, and generally the utmost independence 
and facility of operation. Whatever tentative plans mav for 
the present be adopted, I believe that it 1s inevitable that all 
local and suburban passenger service on electrically equipped 
railways requiring train operation will be eventually conducted 
on the multiple-unit plan, and its use will spread over a contin- 
ually increasing area, even to the operation of passenger сагѕ гип 
over divisions of considerable length. 

Butit must be bornein mind that we are dealing all the while 
with necessarily increased weights of considerable amount, 
because of the use of steel car-bodies, heavier trucks, and 
addition of motor equipment which must provide the power to 
propel itself as well as the cars. Increase of schedule also de- 
mands increased capacity of motors, and it is, therefore, of the 
utmost importance that capacity be got with a minimum of 
weight, and likewise with restricted armature speeds, which, 
where stops are frequent, add materially to the '' virtual" 
weight of the car; because nót only does the weight of the 
armatures have to be accelerated and carried in a linear direction 
with the inert parts of the car, but they must have energy 
stored in them because of their rotation, a considerable part of 
which is thrown away in braking. According to all present 
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Weight 93 tons. 


1500-volt bogie truck locomotive, geared motors. 


Fic. 42—1800 h-p. 
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developments, as I have already indicated, the direct-current 
equipment has in this service an enormous advantage over any 
single-phase alternating-current motor can pmpn with its car 
transformer. 

Irrespective of the benefits to Е ES and the РЕ. in 
building up suburban service by próviding a high schedule 
train system which can be absolutely adjusted to the needs of 
traffic, the influence on the capacity of the terminal facilities of 
a railway is of the utmost importance. It has been declared bya 
competent. English authority that the use of multiple-unit trains 
in the suburban service of a congested station atleast doubles the 
capacity of that station in the matter of track movements and 
the dispatch of trains, not onlv on account of the ability to oper- 
ate the trains from any point and in any length, but also because 
of halving the number of switch and signal movements necessary 
where locomotives are used. In addition, the electric loco- 
motives necessary on through trains, being double-ended, 
compact for their capacity, and needing no turn-tables, occupy 
much less track and yard space than steam machines. Again, 
the use of electricity makes it possible to double-deck a terminal, 
bringing through trains in on one level and suburban trains on 
another, and using both for storage. As a net result, it may 
be safely stated that so far as train movements are concerned, 
the capacity of a yard, over and above that required for the 
storage of cars alone, can be trebled as compared with steam- 
locomotive-drawn trains. In addition, the yards can be roofed 
over, and the space utilized for streets, parks. or buildings. 

The remarkable extension of the multiple-unit system, and its 
recent application to locomotive practice, as for example on 
the New York Central Railroad, has led to the suggestion that 
freight trains shall be equipped with secondary controlling lines, 
and that a plurality of locomotives, not only at the head of the 
trains but distributed throughout it, shall be handled bv a 
single operator on the leading engine, whose controller shall be 
provided with the automatic safeguards common to the service 
which has already been developed. І do not hesitate to pro- 
nounce this an impracticable scheme for general application. 
Quite aside from the cost of equipping the hundreds of thousands 
of rapidly deteriorating freight cars, the majority of whose train 
lines would not be used, it would be against public policy, and con- 
trary to the most ordinary safety of train operation, to leave such 
an extended and high-powered train in charge of a single man. 


SPRAGUE: TRUNK-LINE OPERATION [May 21 


1206 


'Suo3 OIL о? 08 398190 S1030U1 Sso[1U983 'oArjouiooo[ jualino-32a1:p ANI} orioq peeds-uSrpu—pp ‘org ` 


Р, 


М 


AATF 


. 41 cuu. 
т 


L 


ES 


%, 
МЕ 


dt 


Ex | 


— | 


| 
| 


Digitized by Google 


1907] SPRAGUE: TRUNK-LINE OPERATION 1207 


Locomotive operation 15 distinctly different to that on elevated 
and underground roads, and the operators make their runs 
under widely varying conditions. The handling of a long 
freight train is entirely unlike that of a train made up principally 
of motor cars; it has to be coaxed, favored, and nursed, for 
scarcely any two starts are alike. As useful as automatic 
controller advance is with the ordinary multiple-unit train, 
and even admitting, which is debatable, the advisability of 
connecting up the air-brake with the control, it is safe to say that 
in ordinary freight operation these features should not be added 
to the controller, and if they were the engineer in time would 
beat them. 

While double-headers under a common control will un- 
doubtedly be used when necessary on both freight and passenger 
trains, when one considers all the varying conditions of trunk- 
line operation, neither public policy, safe railroad operation, nor 
if you please, labor conditions, would permit the handling of a 
train with two or more locomotives so coupled up, with only one 
man in the cab. It should not be permitted even with a single 
locomotive, and I do not believe that any man who has had 
practical experience in riding locomotives would iong continue 
to adhere to any such proposal. 

Storage-batteries. The use of the storage-battery in connection 
with electric railway operation is a proposal concerning which 
much may be said, for and against, depending largely upon what 
value one attaches to restriction of peak-loads on moving 
machinery and to insurance.. That it has been, and is being 
used successfully in connection with direct-current equip- 
ment of moderate potential admits of no dispute, and it has 
been stated that it is equally available for alternating-current 
installations. This latter claim is misleading. On direct- 
current systems the principal function of a battery is that of an 
equalizer. If installed at a central or sub-station it is usual to 
provide boosters to govern the charging and discharging. These, 
however, are only of differential wattcapacitv,and while they are 
necessary for regulation,it is perfectly possible to use thebattery 
in some emergencies by direct connection with the line. Some- 
times the battery is used at an auxiliary sub-station without any 
boosters whatever, the charging and discharging being deter- 
mined by the drop on the line, or by the use of an extra feeder, 

With an alternating-current system the battery at a sub- 
station plays an entirely different role. It must be charged by a 
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direct-current generator driven by an alternating-current motor, 
and in discharging drives the alternating-current motor as a 
dynamo through the direct-current generator acting as a motor. 
In addition to the introduction of moving machinery in an alternat- 
ing-current sub-station, its watt capacity must be equal to that 
of the full discharge of the battery, and the latter can have no 
function in supplving current to the working conductor except 
through the medium of two rotating machines of large capacity. 

Where current is purchased from a water-power plant, and it 
is necessarv to change frequency as well as restrict the peak- 
load by which charge for power may be regulated, the battery 
may be used in combination with an alternating-current motor, 
a single-phase generator and a direct-current machine; the 
alternating-current motor driving the single-phase generator and 
the direct-current machine to charge the battery when the load 
on the line is light, and the alternating-current motor and the 
direct-current machine, operating as a motor supplied by current 
from the batterv, together driving the generator when the load 
is heavy. 

Use of step-up and step-down transformers. Where the dis- 
tance is not great, as on the present proposed limited operation 
of the New Haven road, both step-up and step-down trans- 
formers have been omitted, and the 11,000-volt trolley-line is 
supplied from the station switchboard. This means direct 
connection between an extended system of overhead working 
conductors and generators operated at high potential, with one 
side grounded, with, of course, whatever protection lightning- 
arresters can provide. Such are the vagaries of lightning and 
the uncertainty of the very best arresters, that I cannot but 
feel that this practice, which subjects costly generating equip- 
ments to direct lightning attack and special grounding stress, 
will not obtain to any great extent; for the possibility of laying 
up a complete unit of great capacity, steam engine as well as 
generator, because of a lightning flash or accidental ground, 1s 
too great a penalty to pay for eliminating transformers, and 1s 
a special handicap upon the possibilities of transmission. 

It is certain that standardization should be directed to the 
construction of generators. Any material increase of potential 
above that now common means reduced capacity and efficiency, 
increased danger of breakdown, and greatly increases individual 
cost, to say nothing of the capitalized risk of failure. Quite 
aside from the question of cost and efficiency, air cooling, the 
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only possible method for generators, manifestly cannot be safely 
carried above that which is tolerable for static transformers, 
which, when wound for the higher potentials, are invariably 
oil-cooled. Therefore I expect to see standardization of gen- 
erator potentials, the pressure being stepped up by trans- 
formers to whatever transmission potential is necessarv, and 
then stepped down to the working pressure on the trolley-wire 
if alternating current be used, or to a lower pressure and con- 
verted if direct current be used. 

The transformer, per se, is the simplest and most flexible 
device for changing alternating-current volume and pressure, 
and its moderate cost and high efficiency, taken in connection 
with the like elements of moderately high potential generators, 
will leave the total cost and efficiency of generating equipment 
roughly the same. There wil! be the added very great practical 
advantage that the generators not only work at lower poten- 
tials, but on closed metallic circuits. are removed from direct 
contact with working conductors and earth; and have inter- 
posed between them and the line at least one set of static trans- 
formers, which practical experience has shown to be one of the 
best generator safeguards against lightning, and which, if broken 
down do not involve large and costly units, nor wholesale 
sacrifice of capacity. 

General cost comparison of direct-current and single-phase 
alternating-current systems. Summarizing briefly, the alternat- 
ing-current—direct-current and the single-phase alternating-cur- 
rent systems have certain features in common, and others 
differing, which may be briefly stated as follows: 

Each must have a central station, which in the former will 
generate three-phase currents delivered to step-up transformers 
to raise the voltage of the transmission lines to any required 
degree, while in the latter, single-phase currents will be gen- 
erated at a practical potential, and likewise stepped-up for 
transmission. Assuming equal kilowatt outputs, the generating 
part of the three-phase svstem will be cheaper than that of the 
single-phase, because of the higher weight-efficiency of the poly- 
phase apparatus; but the switching devices will be somewhat 
more costly, while the transformers will cost about the same, 
with the net result that the cost of installation per kilowatt, and 
with equal conditions in the matter of speed, reliability, and 
ethciency, will be somewhat less for the polyphase than for the 
single-phase equipment. 
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The transmission lines, especially where provision is made for 
duplicate or reserve circuits, may for the purpose of this general 
comparison be roughly considered as of equal cost. 

Sub-station transformers must be provided on each system 
to lower the transmission to the operating or transforming 
voltages. There will be approximately an equality in these 
features. 

Just here is a line of departure, the transformed current in the 
alternating-current—direct-current system being passed through 
synchronous converters, and delivered to either an overhead 
trolley or a third-rail, assuming for this purpose the latter, 
while in the single-phase system it is delivered to an overhead 
trolley. The converters and the necessary housing and switching 
apparatus is an excess cost chargeable to the older system. 

We come now to the working conductors of the two systems. 
The third-rail, which is prohibitive to the alternating-current 
system, cannot be put in except on what may be fairly called a 
permanent basis, at a certain approximate cost per mile of 
track equipped. The overhead trolley for the alternating-current 
system can be put in on either of two plans, one more or less 
tentative and temporary, using wooden poles and wire sus- 
pensions; the other, which is practically the only way affording 
reasonable permanence, with steel poles: or bridge supports. 
Under this latter condition of permanence, the cost of such 
an overhead system per mile of track will run fully as high, and 
in many cases higher than the cost of the third-rail installation. 

The costs of section-houses, circuit-breakers, and automatic 
apparatus will be quite as much with an overhead system as 
with the third-rail. 

Tracks in either case must be bonded, more heavily and hence 
at greater expense forthe direct current than for the alternat- 
ing, but the difference will often be met by features connected 
with the overhead system, such as extra cost of piers, pull-offs 
columns, changes necessary in telegraph and telephone circuits, 
and clearing the right of way from trees. 

The remaining element is the locomotive and motor-car 
equipment; the motors for the direct-current svstem being 
operated on the series-multiple plan, with resistance variation 
and possibly with field shunts; those for the single-phase 
alternating-current system, except where there is the inter- 
mediary of a motor-generator set, through a secondary or 
autotransformer carried on the car. According to present 
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developments, there is here very great difference in the weight 
and cost of apparatus, and in the number of motors necessary 
to perform any given service. Judged from every standard 
which I have been able to compare, the cost of this part of 
equipment with 25-cycle alternating-current motors is so much 
higher than that with direct-current motor equipments, that, 
assuming a reasonable operating potential on the third-rail, it is 
certainly a debatable question whether the increased cost, 
and cost of operation of the motor-car equipments will not fully 
offset the cost of the svnchronous converters and the losses in 
their operation. 

I have made manv comparative analvses, involving millions 
of dollars, and I have found that where equal permanence of 
installation is provided for, and equal ultimate as well asaverage 
duty, thereis not on demonstrated factsa wide variation 1n the 
initial cost of plant. | 

Ordinarily, thé signal svstems used on railroads will have to 
be changed at considerable cost. Fortunately, methods have 
been developed which permit the use of all the rails for the 
main return-circuit bv using a special alternating-current 
circuit for operating the signals. Where the tracks are used for 
direct-current return, reactance bonds are inserted which permit 
the flow of the direct current, but resist that of the alternating 
signal current. Where the tracks are used for alternating- 
current operation,and are likewise subject to the flow of direct 
currents, the signals must be operated by alternating currents 
of high frequency through apparatus which is inoperative to 
currents of low frequency or continuous currents. . 

Field of the single-phase alternating-current motor. It 
would be idle to deny, and I have no wish to belittle the good 
work done and the results achieved in the development of the 
single-phase motor, Just as it would be equally unwise to ignore 
what has been done in polyphase and direct-current work. 
The results, whatever thev are. are facts which must be dealt 
with in a judicial spirit; but facts, not contradictory and un- 
wise or unsupportable claims, must eventually guide the engi- - 
neer. No one can denv that if the single-phase motor be de- 
veloped to a high state of weight-efficiency, unhandicapped by 
excessive weight of the collateral apparatus necessary on a car 
to utilize it, and if the capacity of conductors, especially steel 
conductors, for alternating currents can bv апу discovery be 
raised, the elimination of moving machinerv in, and the sim- 
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plification of sub-stations would open up a very extended 
and important field for the use of this type of apparatus. 

But with developments as they are at present, what is the 
actual field? As there is no general agreement as to methods 
of construction, so, too, I find no fixed conclusions as to the field of 
commercial usefulness; rather, on the contrary the sharpest 
differences of opinion. Some, with enthusiastic catholicity, 
make it all-embracing for steam roads, quite irrespective of well 
known limitations. Others, although at times seemingly con- 
tradictory, are even more elastic in their claims. 

For example, one engineer says: " It is recognized that for 
heavy railroad service, where all kinds of speeds should be 
obtained economically, the single phase railway system will 
undoubtedly show to great advantage compared to any known 
continuous current system." Again, the same authority states: 
" While suburban work was once thought to be the most im- 
portant field for the single phase railway, it has now become 
evident that city work, where traffic 15 very congested in parts 
of the system, will prove to be one of the best fields." Another 
affirms: ‘‘ Interurban electric traction work isthe peculiar field 
of the alternating current system,” but adds to this the state- 
ment: “ When stops are few, the advantage of the alternating- 
current system is not so greatly marked. In short runs, the 
alternating current system can have the greater advantage." 

It has even been stated that for such services as that on our 
elevated and underground rapid transit roads, with their con- 
gested train movements, quick accelerations, high schedules and 
limited clearances, the single phase alternating current motor 
would find a fruitful field. It would, but the fruit would be 
somewhat bitter. 

It seems to me that the present principal field of usefulness of 
the single-phase system is on roads of considerable extent which 
operate an irregular and sparse traffic, and where only a moder- 
ately expensive, or what may be called a second-class overhead 
construction, which will keep down the ratio of line investment to 
that of the balance of equipment, is tolerable. As one departs 
from this condition, adopts more permanent construction, and 
faces the problems of denser traffics and higher capacities, any 
advantages of the single-phase system will disappear, and a 
superiority of the direct-current equipment, with such im- 
provements as are in sight, become manifest. But whatever 
may be the future of single-phase operation under the conditions 
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stated, any present claim for it as the preferable equipment 
for congested service demanding high schedules and great 
capacity is not worth a moment's thought, for in this field, at 
least, it cannot touch the direct-current system. 

Without individual comment, I quote from the preface of the 
recent work by Messrs. Parshall and Hobart, ‘‘Electric Railway 
Engineering,’ the following interesting expression of opinion: 
“Та our judgment, the limitation of the alternating current 
motor is fixed, in its relation of energy output to weight, by the 
inherent properties of single-phase commutator apparatus, and 
the limitation of the continuous-current motor will be de- 
termined by the maximum safe voltage at which a commutating 
machine can be worked. While the development of each class 
of machine has advanced bevond the point that could reasonably 
have been foreseen, and while it is impossible at the present 
time to predict where the limitations will be reached, we are 
satisfied that a careful comparison of the two types at the present 
time is decidedly to the advantage of the high tension continuous 
current motor." 

In closing, let me again remind vou that we engineers are not 
omniscient, or immune from mistakes. Feeling strongly and 
speaking confidentlv of those things in which we believe, it is 
not reasonable to assume that the great diversity of opinion 
which exists, often emphasized by individual experience along 
specific lines, reinforced by knowledge of what has been accom- 
plished in other directions, and influenced by such per- 
sonal bias as we are all subject to, emphasizes the necessitv of the 
utmost development in everv direction, and the probability, nav 
certainty, that there is at present no single svstem which can be 
selected as best for all purposes; but rather, that a wide and 
increasing use of each will be created, and 1n the majority of 
cases a compromise selection of the best elements of alternating- 
and direct-current practice will obtain. 

While there are manv things in railroading which have been 
standardized, and others which can now very properly be, 
and which of themselves do not militate against the independent 
judgment of operating railwav officials in matters individual to 
their own systems, I think it is certain that these sameofhcials 
will in the future, as in the past, consider the problems 
involved in a change of motive power from steam to elec- 
tricity from an individual standpoint, and that they will 
demand from manufacturers, as well as from their engi- 
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neers, all possible freedom from restriction, exercising in a 
large measure their own judgment as to the adoption of any 
system. I see no practical necessity to formulate conclusions 
by averaging conditions, and I cannot conceive the responsible 
officers of any trunk-line road being guided in their determination 
of what seems best for theirown requirements by consideration 
of what some road thousands of miles removed in location, and 
enormously removed in operating conditions may do. 

In any case, the most satisfactory system will be that one 
which will permit of continuous all-round operation under such 
conditions as will utilize to the utmost all the beneficial features 
of electric application. If any one system can be demonstrated 
to meet these conditions better than all others, then that 
system will become preeminent, no matter what standards 
may have been adopted or recommended, and no matter 
what our preconceived prejudices may be. 


APPENDIX. 


Among the publications containing my views on the subject of 
heavy electric traction, may be mentioned the following: 


National Electric Light Convention, Feb. 1890. Paper on ''The 
Electric Railway." 


Forum, Sept 1891. “The Future of the Electric Railway." 


American Institute of Electrical Engineers, June, 1892. Inaugural 
Address: ‘‘ Coming Developments of Electric Railways.” 


Engineering Magazine, July, 1895. '' Will Trunk Lines be operated by 
Electricity?” 

Electric Power, Nov. 1895. Editorial Views on Replacing Steam 
Locomotives by Electricity. 


Engineering Magazine, Feb. 1898.  '' The Possibilitiesand Limitations 
of Electric Traction." 


American Institute of Electrical Engineers, Feb. 1900. Discussion of 
Boynton's paper: '' Electric Traction.” 

Electrical Review, Jan. 1901. “ Historical Notes of Electric Traction.” 

Institution of Electrical Engineers, Feb. 1901. Discussion of Langdon's 
paper: '' The Supercession of the Steam by the Electric Locomotive.” 

Engineering Magazine, Oct. 1901. “ The Rapid Transit Problem in 
London." 

American Institute of Electrical Engineers, June, 1902. Discussion of 
Arnold's paper: '' Relative Costs of Operating by Steam and Electricity.” 


Electrical World, March, 1904. “Тһе Past, Present and Future of 
Electric Traction.” 
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International Electrical Congress, St. Louis, Sept. 1904. “The 
History and Development of Electric Railways." Discussion of Arnold's 
papers: ''Electrification of Steam Railways," and ''Polyphase and 
Single-Phase Traction.” 

Discussion of Dawson's paper: ''Electric Traction on British Railways.” 

New York Railroad Club, Jan., 1905. Discussion of Potter's paper: 
“ Developments in Electric Traction." 

American Institute of Electrical Engineers, Feb., 1905. Dinner cele- 
brating Triumph of Electric Traction; ‘‘ The Art and The Men." 

Century Magazine, July-August, 1905. “ The Electric Railway.” 

Street Railway Journal, Oct., 1905. An Unprecedented Railway 
Situation." 

New York Railroad Club, March, 1906. Discussion of Lamme's 
paper: " Alternating-Current Electric Systems for Heavy Railway Ser- 
vice.” 

American Institute of Electrical Engineers, Jan., 1907. Discussion of 
Stillwell and Putnam's paper: '' The Substitution of the Electric Motor 
for the Steam Locomotive.” 
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DiscussioN ON ‘' THE ROWLAND TELEGRAPHIC SYSTEM," АТ 
New YORK, APRIL 15, 1907. 


Ralph W. Pope: First I wish you to join with me in an ex- 
pression of our appreciation of the esteemed privilege of having 
with us to-night our first honorary member, and I may say one 
of our oldest members, Sir William Preece, who has awarded 
to us the distinguished honor of presiding this evening. 

When undertaking to open the discussion on the paper this 
evening, it was not my intention to go into the technical details 
of this very remarkable instrument which has been described 
in the paper before you. My first opportunity of examining 
this system was at the Paris Exposition in 1900, where it was 
on exhibition only, as we may say. On Saturday last I had 
an opportunity to examine the system in actual commercial 
operation between New York and Boston, and upon one of the 
worst days, so far as weather is concerned, that could be con- 
ceived, which tended to reduce the speed, not only of this 
system, but of any other system of telegraphy with which we 
are familiar. 

In approaching the discussion of a svstem of this kind I wish 
to say we should first divest ourselves of the prejudice against 
the Morse telegraph, which exists in the case of those who are 
not practical operators and familiar with the code. To those 
who have practiced Morse telegraphy, some of those things 
which appear to be a mystery to others, are like an open book 
before us. I may say in explanation of mv position on this 
subject that I learned telegraphy on the Hughes printing tele- 
graph forty-nine years ago. I might make it fifty years, but 
I would not lie for one year. I learned the Morse telegraph 
as a Side issue, simply as a man might pick up the art of playing 
the violin, without any idea that the Morse system would even- 
tually prevail. The Hughes printer, which was new at that 
time, was invented by David E. Hughes, a musician in Kentucky, 
and one of the pair which I first operated was the second 
then in use, the first, I think, being between New York 
and Philadelphia, and the second, on which [ learned, was be- 
tween Great Barrington and Pittsfield, Mass., which at that 
time wasan unimportantline. The contempt for the Morse and 
Bain systems which were in operation at that time may be 
well expressed by the terms applied to them bv the printing 
operators. The Morse was called the '' woodpecker,” and the 
Bain system the ''dyetubs"; and апу message transmitted 
by either of these systems, via Springfield, was supposed to be 
"bulled" as the only system which was known to be “ accurate 
and reliable" was the House printer, on which the Hughes 
was afterwards grafted. In those days, when an inventor 
brought out a new system a companv was organized to exploit 
it. Consequently we had in the old times the magnetic, the 
House, and the Bain telegraphs. The House printing tele- 
graph, the invention of Royal E. House, was a triumph of 
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electromechanical skill. It is true that between New York and 
Boston it could not be worked through, on account of the rapid- 
ity of the vibrations, and consequently the Hughes printer, 
requiring but one pulsation to each letter, was preferred to 
the House and eventuallv superseded it. I am giving these 
instances of the situation at that time. | 

-Now, there is no doubt about the speed of the Morse, the 
House, or the Hughes, so far as a single wire was concerned. 
The House was perhaps the fastest, the Hughes next, and the 
Morse last. Eventually there came about a consolidation, and 
the House printer was displaced; the Hughes system was trans- 
formed by the late George M. Phelps inio the ‘‘combination’’ 
printer, and subsequently into the “motor” printer and was in 
actual operation up to within a few усагѕ ago. It was du- 
plexed, and I might sav, although I will come to it later, that 
the expert operators on the Phelps printer, between New York 
and Boston, and New York, Philadelphia and Washington, 
were the highest paid in the telegraphic operaiing department, 
so that we mav cast aside for the moment the idea that because 
the letters are on the keys, any fool can be an expert operator. 

The telegraph is the oldest, and I will also say the most 1m- 
portant development of the modern application of electricity. 
The electric light has its rival in gas, and the electric railway 
has its rival in steam, and the telephone is applicable only to 
comparatively short-distance transmission; bui for world wide 
communication for the general distribution of intelligence, and 
that application of electricity which would be the last we would 
part with, telegraphy stands at the head. 

The Morse system, as it is known to those who operate it, 
may be used under the most adverse conditions. Prior to the 
expiration of the Morse patents, which covered the application 
of the local circuit and the sounder, the opposition companies 
were obliged to use simply the relay without the sounder, so 
that we had to read from very faint sounds. On one occa- 
sion I was visited in Exchange Place by an operator from the old 
American office; it was a wet dav, and I had my relay 
screwed down so that the sound of it was like the ticking of a 
watch. The office was about one-quarier the size of this stage, 
and the relay began to tick, and I said, “ I am busy.” He 
asked, '" What are you doing?" I rephed, “I am receiving 
from Boston." That was a fact; I was receiving on that relay 
without the local sounder, and he, although only four feet away, 
could not hear a sound. Ji might be assumed I was guessing 
at it, but [ was actually reading її. 

I am rather wandering over the subject, but I am bringing 
up the conditions that existed in regard to the Morse telegraph 
and why it prevails to-dav. In 1N68 I was quartered in the 
Gold Room at the time of the" Black Fridav " panic. The corre- 
spondent at the Boston or Philadelphia exchange was right 
at the counter. Assuming this plaiform as the exchange, the 
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operator, if he had a message, would call out for the man for 
whom the message was intended, and he would come to the 
counter for his telegram. I have sent a message to Boston, 
and received a reply and delivered it to the original sender of 
the message, before the ink on the original was dry, probably 
in the course of a minute. Now, leading up to the instrument 
which we have under discussion this evening, I made a similar 
test with Dr. Sheldon, who was with me last Saturday; I sent 
a telegram to Boston, to be repeated back to New York and 
delivered to Dr. Sheldon, who was at mv side. I handed him 
the following message in the course of regular business: ‘‘ Samuel 
Sheldon, Boston—I will arrange Monday morning for payment 
suggested, and will adjust the matter with Mr. Carty as soom 
as possible. R. W. Pope." The message was delivered back 
into my hands, in printed form, having been sent from New 
York to Boston and returned from Boston to New York, in 
five minutes. Asa practical demonstration, I am quite satisfied 
with that, for the reason that my reply was sandwiched in with 
other commercial messages received in the ordinary course of 
business, and I wish to say, as the result of our investigation, 
that four operators were sending to Boston over one wire, and 
the messages were coming in over the same wire on the four in- 
struments from the Boston end. I consider this a very satis- 
factory showing. There is a weaker point in the telegraph 
service than the simple transmission of messages, and 
that is the question of delivery after the message 15 received. 
In my earlier days, when I received a message, I used to close 
the office for a half hour, during which time I went out to 
deliver it. I have also known of cases when one messenger 
was 1п the office, when two messages were received, one message 
to go a mile in one direction, the other a mile in the opposite 
direction, and the question was which of the two messages 
should be delivered first. That leads up to another point, and 
that is the classification of service. We have heard from the 
advocates of the telegraphic system, that all messages should 
be sent and delivered in the order of their reception, which is 
well known to be practically impossible. In the first place, the 
ordinary customer hands in his message over the counter, and 
it may go to a distant point over one out of perhaps ten or a 
dozen wires. If he happens to be a broker at the exchange it 
may go over a special wire, and be delivered in the course 
of a few minutes, while if it goes in the ordinary course of busi- 
ness over a busy wire, the sender will be luckv if it is delivered 
іп an hour. So that there are some things to be considered in 
regard to telegraphing outside of the transmission of messages. 
Reverting to the svstem we have under discussion, we must 
understand that it applies in the main, as most of these svstems 
do, that is, the machine or automatic svstems, to the trunk line 
business, or business between апу two large cities, where the 
volume of business is such that apparatus ‘of this kind can be 


1220 ROWLAND TELEGRAPHIC SYSTEM [April 15 


installed and kept in continuous operation. It appears to me 
that the general use of the Morse telegraph is due to its simplicity, 
low cost of operation, and its application to all conditions. As 
I was saying in regard to my learning the Morse system as a 
side issue, after learning to read by sound, if the Hughes printer 
broke down we could send or receive a telegram through the 
bell on the side, using the Morse code. The Hughes printer 
was based on svnchronism. The instruments at each end of 
the wire were required to be in almost absolute synchronism. 
If they varied, опе of them ‘ threw out," as we called it, and 
had to be put in unison and started up again. There was a 
very peculiar instance of the necessity of that unison that oc- 
curred to me at the time I learned the business, and that was 
on the occasion of the first message over the original Atlantic 
cable in 1858. My brother, who was my superior, had gone 
away for a day, and I was on duty, and the station twenty-five 
miles north had been endeavoring for two hours to send me a 
communication which I could not receive on the Hughes printer. 
When the train arrived the newsboy on board set off a pack of 
fire crackers. I inquired what was up, and was told that the 
Atlantic cable was a success. My brother was on the train. 
He came into the office and I told him what had been doing. 
That the office twenty-five miles away had been trying to send 
something to me for nearly two hours, and that the printer 
continually '' threw out." Не looked at the machine, and took 
a hammer and knocked along the brake governor on the shaft 
about 7; of an inch. The brake had shifted about 4k of an 
inch on the shaft and did not strike in the center of the wheel; 
that was all the trouble. The machine was not quite fool-proof. 

In closing I call attention to the author's statement that 
'" In practical operation it has continuously demonstrated its 
efficiency in dispatching an enormous volume of business with 
regularity and accuracy on a single wire, while the operators 
employed have been not necessarily skilled in the use of the 
Morse code." That is quite true. They do mot need to know 
how to fiddle or to play a snare drum, but all the same it is a 
fact that the Morse operator who is trained and familiar with 
the business, if he or she has learned the Morse code they are 
adapted to telegraph work. .So I find as a matter of fact, 
that the best operators, even the best operators to work 
a keyboard are those who are trained in the telegraph 
service and have that intuition or familiarity with the 
business which makes them valuable employees.  Conse- 
quently while it is quite proper that they should be trained 
up to do special work, in the ordinarv office, it is better to have 
the force interchangeable, and if there are Morse operators who 
are capable of operating the printer svstem, and operators of 
the printer svstem who are capable of operating the Morse 
svstem, the interchangeabihty of that force becomes a rather 
substantial consideration in the office organization, and I might 


j 
1907] DISCUSSION AT NEW YORK 1221 


go further and say that while it is no doubt advantageous and 
economical to install a system which will convev a larger num- 
ber of messages over a wire, it 1s still desirable that the systems 
should be interchangeable, and that the simplicity of the Morse 
will persist, and while it 1s true that the Morse telegraph has 
not been improved for many years so far as the operator is 
concerned, and so far as the public is concerned, it has been im- 
proved so far as the company is concerned, in regard to the 
greater earning capacity, and by the use of the tvpewnter, 
which has enabled the telegraph operator to receive at a higher 
rate than the sending operator can send the messages. 

The speed of the Rowland system, and in fact all the claims 
set forth in this paper so far as the speed 1s concerned, and in 
comparison with the Morse I consider well substantiated. The 
speed of forty words a minute can be attained bv a Morse op- 
erator, but it still remains to be seen whether we can develop 
a system which will send messages four in each direction at that 
rate ready for delivery, which is 320 words a minute over . 
a single wire. The advantage of the delivery of messages in 
page form over the old tape printing svstem I consider is very 
desirable, and I am glad to know that the Rowland printer has 
reached its present state of perfection. I can hardly believe 
that the distinguished inventor would have asked that anv 
better monument to his memory could be erected than the es- 
tablishment and the continuation of a svstem bearing his 
name, and it is my hope that it may be continued and in the 
future be on an equality with the Morse telegraph of to-dav. 

A. E. Kennelly: It is remarkable that although electrical 
applications have developed so rapidly and assumed so important 
a position in this and other countries, the electric telegraph has 
almost stood stil. In fact, some say that it has not even 
marked time. А few years ago, in New York Citv one could 
pass through the main telegraph office and see a few printing 
telegraphs. One might have seen a number of automatic 
Wheatstone instruments, very likely a number of quadruplex 
sets. I think I am correct in saying there are now no printing 
telegraphs remaining except the recent ones of the svstem de- 
scribed here and one other new system; that there are no Wheat- 
stone automatic sets, and that there are fewer quadruplex sets 
than there used to be. We are struck by the contrast between 
this apparent want of progress in telegraphv and the progress 
which has made itself felt in other lines of electrical advancement. 
It is, however, much easier to criticize destructively than con- 
structively, and there are a number of influences which have 
been active in this country and elsewhere to account, in part 
at least, for this apparent want of progress. First of all, the 
telegraph 1s the only apparatus which has maintained its original 
ground and kept on the earth. Everything else electrical has 
been driven off the earth. "Telephones have been driven off 
the earth, to take shelter in metallic circuits. Even so huge 
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a machine as the railroad motor has been virtually driven off 
the earth. The telegraph has stood, and at considerable dis- 
advantage to itself, because it not only suffers from its own 
internal disturbances, but also from vagrant disturbances due 
to other svstenis in its neighborhood. 

I think I am correct in saying that each man, woman, and 
child in the United States does not send more than about one 
telegram a year on the average. Оп the other hand, there are 
about five million telephones in the country, and the number 
of conversations by telephone of each man, woman, and child is 
something like two-thirds of a telephone message a day; this 
means a difference of, roughly, a message a year, and a message 
a day, in the two svstems, respectively. It 1s the convenience 
and growth of telephony which has tended to keep progress in 
telegraphy in abevance. The rate of growth of telegraph 
messages has been slower than the rate of increase of popula- 
tion, according to recent published reports. We seem to have 
reached rock bottom in the matter of economies. It does not 
seem possible to get a more economical operation of the system, 
and consequentlv anvthing which will enable us to rob the mails 
more than we do now, in the use of the telegraph, must be 
effected bv some entirely new method. At the present time 
there is not only the fixed charge upon lines and apparatus, 
but the cost of the operator's time at the originating station, 
at the intermediate stations, and at the receiving station. 
These costs seem to be impossible of elimination on the Morse 
System. > 

We cannot flatter ourselves that апу svstem such as that 
which has been described to-night will eliminate the Morse 
svstem evervwhere. The Morse svstem is admirablv adapted 
not only for way trafhe, but also for through traffic of not great 
pressure. We can onlv hope for something to take the place 
of hand telegraphy where the telegraph traffic 1s great and the 
pressure keen. If trathc is to increase, there can be but two 
wavs of handling it. One is to duplicate the Morse circuits, 
to duplex and quadruplex them, if possible. The other is to 
have something entirelv different, Here is a svstem which 
offers something entirely different. We must have something 
which will eliminate the telegraph operator on high-pressure 
trunk circuits. The hand Morse must be eliminated. The 
Wheatstone svstem did that in part, because it enabled a num- 
ber of sending operators to work together on one wire, and the 
same number of receiving operators to work together on the 
same wire; but here is an apparatus which will enable the Morse 
code to be completelv eliminated; a simple mechanism to be 
operated from both ends of the line, kevboard to keyboard, 
tvpewriter to tvpewriter. That is an ideal svstem, if the inertia 
of the removing parts can be reduced so as to make the speed 
of the same order as that which can be secured bv instruments 
of the Bain tvpe. I am sure we hope that this apparatus, 
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and others of similar type, may so far develop as to bring pro- 
gress once more to the neglected art of telegraphy, and let us 
have a chance to relieve the hands of the operators, without 
reducing the demand upon their skill and intelligence. 

William Maver, Jr.: It is true that telegraph engineers and 
managers admit that the ideal system of telegraphy is one in 
which the messages may be transmitted without previous 
preparation at a high rate of speed and be received accurately 
at a distant station on page form in printed Roman letters. 
There have been many difficulties in the way of producing 
this ideal system, and therefore the degree of success which has 
been reached by the Rowland svstem, and I might also say 
by the Buckingham, Barclay, and Murray systems, 1s most en- 
couraging. I have long pondered on what set Professor Row- 
land's mind in the direction of multiplex telegraphy. I do not 
think it could have been the idea of making money, because 
we all know it requires the purse of a millionaire to bring into 
practical operation, or even into fairly practical operation, a 
multiplex telegraph system. I have heard of one inventor 
who has spent more than $150,000 in the attempt to do so, and 
recently I saw a statement to the effect that $9,000,000 has been 
expended in the last decade in the attempt to perfect printing 
telegraph systems. I do not know that these figures are strictly 
accurate, but even if cut in half they would sutfice to illustrate 
the point. 

I had the pleasure of seeing Professor Rowland's original ap- 
paratus some years ago, and it certainly was somewhat crude. 
At that time 1f I remember rightly it was a tape printer. Before 
Professor Rowland passed away—too early I think—the sys- 
tem had undergone two complete changes, and since then I 
believe it has undergone four more radical changes. To-day 
it is in a very fair state of practical operation. I saw the system 
in operation, as Mr. Pope saw it, last Saturday, working between 
Boston and New York, on the lines of the Postal Telegraph 
Company. It worked very nicely. I think, however, that it 
is necessary to make some qualification or amplification of the Mr. 
Potts’ statement, with reference to the efficiency of this system 
in meeting the requirements of commercial telegraphy. In 
fact this system is in operation on one wire about 230 miles in 
length, as an octoplex; that is to say, eight messages are trans- 
mitted by this svstem simultaneously at a certain rate of trans- 
mission. То apply this system to a circuit between New York 
and Chicago will most likely entail some modifications; as, for 
instance, the reduction of the capacity of the svstem from that 
of an octoplex to that of a quadruplex. It will also require 
the introduction of an automatic repeater midway of the cir- 
cuit, the practicability of which has not as vet been tested out. 
As Mr. Pope has pointed out, the system is not applicable 
readily to way wires and certain other circuits. The capacity 
of the svstem is given as 600 messages per hour; this, it should 
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be noted, is the maximum capacity of the system when operated 
as an octoplex on comparatively short overhead wires. On 
long circuits this capacity will be, it is probable, materially 
reduced. 

There seems to be no question as to the utility of the Rowland 
system on the comparatively short circuits to which it has thus 
far been applied. The matter of general reliability, accuracy, 
and cost of operation of the svstem are probably vet to be de- 
termined. I believe Mr. Murray has intimated that he con- 
siders his system better adapted to long circuits than to short 
circuits, presumably because of the necessity for preparing the 
messages in advance for transmission, etc. On the other hand, 
it is possible that the Rowland svstem may find its best field 
on comparatively short lines. 

The author states that the basis of the telegraph current used 
in this system is an alternating current. This is of course true, 
but it is a somewhat singular fact that the actual signaling 
currents are made up of pulsations of continuous or one-direction 
currents. This is evident from the oscillograms. The accuracy 
of this remark will also be apparent from the fact that if, for 
example, a signal is to be made by normally negative impulses 
Nos. 2 and 4, and if we assume that the impulse before impulse 
No. 2 was a normal positive impulse, then impulse No. 2, when 
it is reversed, will also be positive, which gives the desired re- 
versal, so called. Similarly impulse No. 4 will be preceded by 
a normal positive impulse. Consequently, when impulse No. 4 
is reversed it will be followed bv a normal positive impulse. 
Therefore in this and numerous other combinations for signals, 
there will be five successive positive or negative impulses. 
Hence the “clearing out " effects of alternating currents are 
not fully obtained. The currents used in signaling in this 
system are indeed virtually akin to those employed in submarine 
cable signaling. 

The author states that the current strength necessary for the 
operation of the relays of the Rowland svstem is about 35 
milliamperes. It is interesting to note that this 1s about the 
current strength required in the operation of the ordinary 
Morse duplex and quadruplex relavs. 

The author 1mplies that the presence of the human element 
in the Morse svstem introduces corresponding inaccuracies. I 
have the honor to differ somewhat with him in what he implies 
in that statement. It has long been an axiom among tele- 
graph managers and engineers that the receiving operator of 
the Morse system 1s a continual check upon the sending operator. 
In many cases in actual practice the receiving operator instantly 
detects and corrects or prevents errors of the sending operator, 
as well as the errors or omissions that would be frequently 
caused bv momentarv line trouble, and which no mere machine 
-at the receiving end could do. 

At first sight, this highly ingenious telegraph system may 
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appear somewhat complicated. This impression, however, wears- 
off with a clearer knowledge of the apparatus; for it 1s apparent 

that the seeming complexity is due more to the necessary 

multiplication of the parts than to the intricacy of the system 

as a whole. The engineers of the Rowland system are to be 

congratulated on the success they have thus far achieved, 

They are fortunate in now having the system in operation under- 
practical conditions, where its defects, if any remain, will become: 
apparent and when opportunities for further development 

and improvement of the system will doubtless be found. 

Henry G. Stott: In reading over this paper, it occurred to- 
me with a great deal of pleasure that to-night I was to take- 
part in a meeting at which Sir William Preece was to preside. 
I experience this pleasure largely because over twenty years. 
ago, when I studied electricity under Professor Andrew Jamison, 
our text-book on telegraphy was one by Preece and Sieveright. 
Now we come to the fountain-head for more information on the 
subject of telegraphv. I think if we had the book here to-night 
it would be found that very little has been written into the- 
progress of the art since that volume first became a text-book. 

Several of the public-service corporations have recently been 
forced to increase their rates. No board of directors delib- 
erately sits down and increases the rates for its service just for 
the pleasure of doing so; the only thing that prompts them to 
do this is in the realization of a grave duty to the stockholders. 
True, the cost of copper has gone up 100 per cent., and the cost 
of labor 50 per cent. in the last ten years. But why is it that 
telegraph rates have had to be increased, while electric-light 
rates, power rates, and telephone rates have all gone down?” 

Some time ago Mr. Pope called to my attention a letter 
which he received from a telegraph engineer in the West. The- 
letter was in the nature of a complaint against the Papers Com- 
mittee, of which I am a member, and said: ‘‘ Why do you have 
so many papers on lightning arresters, electric railway motors,. 
and things of that kind, and you never give us a paper on tele- 
graphy?’ I shall try to answer that letter here. 

Why do the other gentlemen, who present elaborate papers- 
on lightning-arresters, railway problems, features connected 
with transmission lines, etc.—why do thev come here with these 
papers. Simply to get the benefit of the criticism and com- 
ment of their co-workers in these fields. How many papers- 
have we had presented on telegraph subjects in the last ten 
years? I think this is the first one that I can recall, but I 
trust that it is only the precursor of many equally important. 
papers, and that the period of stagnation in the development 
of telegraphy is at last at an end, and that the rapid develop- 
ment by our members of automátic apparatus, such as that 
described in to-day's paper, will enable our Telegraphic Compan-. 
les to progress as rapidly as the other electrical industries. 

Е. F. Northrup: I have in hand a small piece of paper which 
speaks of the human side of the development of this system of 
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telegraphy. I am reminded that it will be six years to-morrow 
morning since Professor Rowland died. Mr. Maver said this 
evening that he wondered why Professor Rowland turned his 
attention to telegraphy. I think I can answer that question, 
for I was with Professor Rowland at the time that he began to 
be interested in this telegraph. I acted as his assistant in its 
development for three years previously to his death and I had 
the exceptional pleasure of spending two weeks with him at his 
cottage at Seal Harbor, Maine, and there heard from him why 
he devoted himself to the development of his telegraph system. 
He had a disease which he knew would probably be fatal and 
he could not get a life insurance. He told me he had many 
problems in physics of the highest importance that he would 
love to work out, but that he felt that 1% was his duty to try 
to leave his family a heritage that would have a monetary value. 
He was the most courageous man that I ever have known. He 
worked on his telegraph almost to the day before his death, 
as this paper will attest. Three days before his death I received 
this note written by him on his sick bed: 

Put in patent condenser, also coils; duplex of many lines so as not 
Т CR with each other. You donot know this; come and learn. 

I went to his house and got his instructions while he was on 
his sick bed. | 

I worked on thetelegraph for a vear after his death, but I cannot 
take time to speak at length regarding the technical features 
of this system with which, at one time, I was very familiar. 
I may say, however, that the system is peculiar in this respect, 
that it is a kinetic system as distinguished from a static system. 
I mean by this that normally current is passing over the line at 
all times and not at a time only when a signal is being sent. 
The system presents, however, this paradox, that when a signal 
is being sent at the same instant from opposite ends of a du- 
plexed line, there is at that instant no current on the line. 
The signal 1s made by stopping the vibrating tongue of a relay, 
while 1n most other svstems a signal causes a relay tongue to 
move. 

One feature, not spoken of to-night, is the immense flexibility 
of the svstem in the matter of the distribution of the lines 
and messages. Professor Rowland laid the foundations of 
innumerable methods for the distribution of the messages which 
the flexibility of the alternating current admits. 

Gano Dunn: It is some vears since I used to pound a key, 
but I love it still and trust I may be pardoned a tribute of 
affection to the telegraph business, because the telegraph busi- 
ness opened to me the door of a college education and an elec- 
trical career. It took me from a dingy ofhce haunted by mes- 
senger bovs to this glorious building which speaks a develop- 
ment of the electrical industry far beyond the dreams of the 
early telegrapher. The old Morse systems had in their ranks 
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nearlv all the men who later started this electrical development 
and I feel proud that I am, as it were, a member of the old 
union. It is fitting that this first evening of the week of ded- 
icatory exercises should be devoted to a telegraph meeting. 

If the paper presented to-night were read by the general 
public, especially the paragraph which rates the capacity of the 
new system at 600 messages per hour, the public would be in- 
clined immediately to ask Mr. Clowrv, who in the newspapers 
a few days ago explained the increase in rates of our large tele- 
graph companies, how long it will be before these rates shall 
be again reduced to a very small amount, in view of the enor- 
mous difference between 600 messages per hour per wire and 17 
messages per hour which he referred to. If not qualified, this 
paper would give the public a false impression. It is not the 
capacity for transmission that limits the telegraph business 
to-dav, for actual transmission 1s the least part of all the busi- 
ness involved in the receipt and delivery of messages. The 
Rowland system, beautiful as it is, a svstem which I believe 
will come into large use, is, after all, applicable only to trunk 
lines between large cities, to places where there are experts to 
watch it, places where its use will be justified by the volume 
of business. 

I doubt if the Rowland svstem will ever drive out the old 
instruments. Their simplicity and reliability have won for 
them their present place. The fact that we still have them 
testifies eloquently to their fitness. It does not testify to stag- 
nation in the technical development of telegraph systems. 

In the Rowland system the typist takes the place of the 
operator, but the typist is seldom qualified to rearrange dam- 
aged or displaced parts; and these things happen sometimes 
in a telegraph office when the manager’s back is turned, for 
boys occasionally throw ink-wells that put the apparatus out of 
business. I have seen 150-ohm relavs and the rest of the ac- 
companying Morse outfit unmindful for vears of everything 
that was thrown at them. 

The grounds for the statements I made of the limited field 
to which the Rowland svstem тау look forward are in the 
proportion alreadv existing between quadruplexes and single 
lines. Roughly speaking, there are 30,000 offices in this country. 
Notwithstanding the fact that the quadruplex is cheap and vet 
increases the wire capacity nearlv four times, I doubt if there 
are 3000 quadruplexes in use. If there were the great demand 
for increased wire capacitv, which the advocates of the machine 
telegraph and multiplex svstems generally take as their starting 
point, we should see more quadruplexes. The proportion 
mentioned indicates the balance between the advantages gained 
by their introduction and the accompanving disadvantages 
of inflexibility and complications. 

Although the Rowland svstem will increase the wire capacity 
eight times that of a single wire, and claims an increase in oper- 
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ator capacity about three times, and makes further claim to 
increase in operator capacity by not requiring a receiving 
operator (although making no allowance for the skilled mechani- 
cian that would be needed) I believe that these great advantages 
wil be almost counterbalanced by the enormous complication 
of the apparatus. If Mr. Kipling should write up the tele- 
graph business, the Rowland system is what he would call an 
eight-day clock. 

I think the success of the Rowland system must be looked 
for in large offices where there are trained experts, and a high 
degree of organization. It 1s my opinion that for many years 
to come ninetv per cent. of the clicks we shall hear over the 
length and breadth of the land will be good old ““ Morse." 

Sir William Preece: I think the hour has arrived when we 
had better close this discussion, but it will afford me an oppor- 
tunity to play the same role that Mr. Pope has played and refer 
to mv early years and the memories of the past. My career com- 
menced in the year 1852, so that I have had 55 years’ experience, 
while he said 49; he was afraid to say 50, like the man who 
shot 999 ducks and would not admit that he had shot the 
thousandth.  Fiftv-five years’ experience in all branches of 
practical telegraphy gives me the privilege and honor of 
saving that I have had something to do, directly or indirectly, 
with every single practical application of electricity. I com- 
menced first with the telegraph, and my heart still goes out to 
the telegraph. In my early days I was brought into contact 
with Faraday—I believe I am to-day the only living pupil of 
Mr. Faraday. My early acquaintance with Dr. Kennelly was 
in poring over Faraday’s Researches. In 1853 we laid down 
underground wires between London, Liverpool, and Manchester, 
212 miles long, and we had serious effects due to static induction. 
We did not understand it. We called in Faraday and Sir 
George Wren, who was then the Astronomer Royal, and I 
worked with these two great philosophers for many months 
and carried out all the experiments Faraday wished to have 
carried out. I still have some of the records. 

The first automatic system of telegraphing was that invented 
by Bain. The currents were transmitted through punched 
paper, and marks made on strips of paper saturated with prus- 
siate of potash. They were blue marks, and I have many of 
the records made in those davs to show the influence of static 
induction in retarding and in elongating the currents that came 
out at the distant end when a mere dot wasintroduced at the send- 
ing end. Many vears after this, my first acquaintance with 
Edison arose from his coming over to England with an automatic 
system based on this chemical recorder. He had placed at his 
disposal a cable coiled in one of the tanks in the cable makers’ 
works. He asked me what I thought would be the length of a 
dot through a thousand miles of cable. I had in my mind a 
thousand miles of cable laid out straight, and I told him 
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I thought a dot would come out about six inches long. Не 
said, ‘‘ What do you think it would be in the case of a cable 
coiled in a tank?" I said, “ I really cannot tell." ‘‘ Why,” 
he said, ‘‘ I wanted to know what the length of that dot would be, 
and when that dot came out, what do you think it was? it was 
28 feet long!" That was Edison's experience with the effects 
of static induction. It was an experience of great service to 
those who are transmitting currents through long underground 
cables. That led to a very extensive system of underground 
cables, and no doubt we shall learn a good deal of theinfluence 
of the alternating current in working to great distances. I com- 
menced with an automatic system that transmitted 1500 words a 
minute. It was competent and capable of transmitting 3000 words 
а minute. Why didn't weuseit? Because there was no business 
forit. This question of automatic versus manual telegraphy is, 
after all, a question of business, a question of the number of words 
one wants to transmit, not the number of words one can trans- 
mit. In the last fifty years I have been engaged in developing 
automatic systems of all kinds, but the one in which I am pecu- 
liarly interested is the Wheatstone system. When I left the 
post office service in 1889 we had worked up the Wheatstone 
sysiem so that it would give 650 words a minute on our longest 
circuit. We did not want 650 words, for the simple reason we 
did not have 650 words a minute coming in. It is a question 
of the messages to transmit, and those having practical knowl- 
edge of the working of the telegraph system know this—that 
in the telegraph business of a country there is a curve precisely 
similar to the curve we know so well, the load curve of the 
generating station, for whatever purpose it is used. Messages 
come pouring in according to the business hours of the dav. 
In England we have a peak load every morning between 11 and 
12 o'clock. It subsides during luncheon hour, and comes up 
again in the afternoon. In England there is only one time 
ovet the country, here in America there are four times, Eastern, 
Central, Mountain, and Western, and consequently there are 
peaks at different times of the day. There is three hours differ- 
ence between San Francisco and New York, and the result is 
the load curve for business in this country is different from the 
load curve in England, and therefore no fair comparison 
can be drawn between the rate at which the messages are trans- 
mitted per day or per wire between the two countries. In the 
last analysis what is wanted is the very best system that will 
carry the work through to the best advantage of those who 
use the telegraph. 

I discussed this question some years ago with Dr. Green 
when he was president of the Western Union Telegraph Com- 
pany. This is my fourth visit to the United States, and when- 
ever I come, my first object has always been to visit the two 
telegraph companies and learn what progress they are making. 
I come here to learn, and if I see things done in a manner that 
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is contrary to my judgment, I do not hesitate to criticise them; 
on the other hand, if I find things meritorious and worthy of 
commendation, I adopt them on the other side and give full 
credit to those who have produced them on this side of the 
water. In discussing these things with Dr. Green, he said to 
me, in the decisive manner he had, '' In this country time is 
our only competitor." What he meant was, that the time 
elapsing between the moment the message was written and 
the moment it was delivered, was the time they wanted to 
control, that was the only thing he feared. 

In England I think we have the automatic system in a state 
of perfection. I do not think there is any system that will 
beat the Wheatstone for business as it is. It may be that if 
we increase our load-curve and get a load-factor for the whole 
day of 50 or 60 or 70 per cent., then we will want automatic 
systems. At the present time there is no real need in our part 
of the world—-I do not know what it may be here—for апу 
automatic svstem which will send more than 200 or 300 words 
a minute, and that we have. It may be that the business will 
increase and necessitate such a thing. |. Automatic work is essen- 
sential and absolutely imperative on submarine cables, but 
submarine cables are different from the aerial wires we use. 
There is a great distinction between telegrams which are alwavs 
short, and news work which is very considerable at times. 
In England it is enormous. In England our news business is 
much greater than in this country. We are all in a compact 
little island. There is not a single country town of апу mag- 
nitude that does not issue an evening paper full of news sent 
bv automatic telegraph, and there we find that 400 words a 
minute is ample to supply all the newspapers with what thev 
want. It won't come in any quicker. A man making a speech, 
who wants it to appear in the next morning's paper, does not 
speak over 110 to 120 words a minute. I am not speaking to 
you now at a rate of more than 110 words a minute, and if 
there were a shorthand writer here who was reporting my re- 
marks for the purpose of sending them to Chicago, for instance, 
it would not require an instrument that could work 1500 words 
a minute to send 110 words a minute. I want to point out 
that however new and perfect an automatic svstem may be—and 
I must say this is a beautiful instrument —there will always 
be some features concerning it which may not be entirely 
satisfactory. I had a good deal of correspondence with Dr. 
Rowland on this very subject, as he was anxious to make a 
start in England. We lost him too early, as he was one of the 
most brilliant scientific men of the age. His work will live for 
many years. 

I take it the effect of the discussion to-night has really been, 
not to bring out very strongly the relative merits of manual 
telegraphy and automatic telegraphy; but it has raised this one 
question, and a very important question, and that is the value 
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of labor in the telegraph service. In our younger days, Mr. 
Pope and I, when we used the key, thought ourselves howling 
swells because we could not only send messages, but we could 
absolutely and instinctively see a fault or error. When you 
are at your instrument, you know it like you know your child 
or wife. The instinctiveness with which an experienced tele- 
graphist can trace a fault is quite wonderful. We take a 
great deal of pride in our knowledge, but it has this great 
defect in our country—it has caused our telegraphists to 
suffer from that complaint which is generally called '' swelled 
head." There has been a good deal of trouble over there. 
The tendency has been to develop as much as we possibly can 
these automatic systems rather than to bring down the gentle- 
man whose size of hat increases rather too frequently. It is 
rather a misfortune, but the development of the brain, in the 
great growth of business, 1s one of those things which cannot 
be helped. I think Mr. Dunn referred to the complication of 
these systems. That of Dr. Rowland is a combination of 
others. The synchronism was invented by Hughes; the break- 
ing up of a circle into several divisions transmitted by switch 
systems was invented by Bain. It was tried a good deal and 
made practicable by Baudot in Paris, and it is working over 
submarine cables between Paris and London with a consider- 
able amount of success. You have the alternating current intro- 
duced by Crehore and Bedell. There is really little novelty in 
the principles used, but there is considerable ingenuity shown 
in the mechanical arrangements. Опе likes to see a good thing 
worked up and put into practice. I have done a great deal in 
introducing automatic apparatus. It seems that we all want 
to meet the views of Dr. Green. We want to lick time. We 
can only do that bv having means to transmit a message as 
rapidly as possible from the sending end to the receiving end. 
The conception of using a wire for many circuits, octuple, as 
in the Rowland svstem, 15 certainly a very great advantage. 
The reason why the quadruplex has not grown much in England— 
and I do not think it has grown much in this country—is because 
of the fault that it “ throws out," and you lose the advantage 
of quadruplexing with four circuits, or octuplexing with eight 
circuits. Therefore a fault on the line with these svstems 1s 
very serious. That is the reason why there is a tendency to 
fall back on the duplex method. The tendency was to use 
copper very much for speed, but the price of copper has gone 
up so much it has rendered that practically impossible. 

I am sorry to have kept you so long. I have been exceed- 
ingly interested to-night in taking part in this discussion. It 
has been one of the principal studies of my life, as I have told 
you, and it is like renewing one’s childhood almost, to come back 
here and take part in a discussion of something that I studied 
over fifty years ago. I can only repeat what I said, that my 
coming to-night has been a source of great pleasure to me. I 


1232 ROWLAND TELEGRAPHIC SYSTEM [April 15 


come here and meet familiar faces, some of whom I meet on 
the other side, and many more, perhaps, that I meet only when 
I come here. I find that marine architecture has done much 
to make the journey across the Atlantic a matter of luxury. 
Brittania is said to rule the waves, but marine architecture 
to-day rules the spirit of the waves. We passed through three 
very severe gales. We never had the fiddles on the table, and I 
never saw a sick person on the ship. One is in a beautiful palace 
for five or six days,— it will soon be four and a half davs,— 
from Liverpool to New York. I imagine in the future it will 
be a simple thing for a man to come from England, attend one 
of your meetings, and the next dav take a steamer back home. 
There 1s one thing in which vou fellows beat us horribly, and 
that isin your delightful hospitalitv. It is not mere hospitality, 
it is not the fact of the hospitality, but it is the way you do it. 
I do not know why it 1s, cannot tell vou, but I assure vou every 
time I cross the Atlantic and come here I find the gentlemen 
treat me in such a pleasant wav that if I am spared I will come 
over again as soon as I can get away. I again thank vou most 
heartily for all the courtesies which have been extended to me 
by your members. 


- 


A paper presented at the 24th Annual Conven- 
tion of the American Institute of Electrical En- 
gineers, Niagara Falls, N. Y., June 28, 1907. 


Copyright 1907. By A. I. E. E. 


(Subject to final revision for the Transactions.) 


REGENERATION OF POWER WITH SINGLE-PHASE 
ELECTRIC RAILWAY MOTORS. 


BY WILLIAM COOPER 


The conditions necessary in order that an electric motor may 
operate successfully in regenerating or restoring power to the. 
supply circuit are: 

l. The counter pressure generated by the motor must 
be greater than the impressed pressure of the supply circuit. 

2. The value of this excess counter pressure must be 
under control and maintained in suitable relation to the im- 
pressed pressure. 

3. There must be at the time other power-consuming 
devices connected to the supply circuit. 

There is no difficulty in producing the first condition; the 
second is the one that is difficult to fulfil. "There are two methods 
of regulating the counter to the impressed pressure; one is to 
increase the counter pressure and the other to reduce the im- 
pressed. The third condition, except in isolated cases, 
will be taken care of by the operating load. 

Practically all variable-speed railway motors are of the so- 
called series tvpe, and as this type of motor is the only 
one having the proper characteristics for general railway 
work it alone will be considered. The operation of a series 
dynamo electric machine as a series generator on a constant- 
potential circuit is a problem which many have grappled 
with, but none has solved. ‘Fhe machine must be given a 
shunt characteristic of a greater or less degree in order to 
make such operation possible. А machine having the shunt 
characteristic predominant is unfit for use as a railway motor, 
and as this characteristic must be predominant to operate 
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successfully as a generator it is at once evident that the motor 
must be changed in some manner before it can be used as a gen- 
erator. But this is not the only condition which the motor must 
fulfil in order to operate successfully as a generator in restoring 
power to the supply circuit; the motor must operate satisfactor- 
ily while the armature current is varied through a wide range 
with a constant field. This is evident from a very casual ob- 
servation of the conditions. 

Assume that the car or locomotive being driven by the motor 
under consideration has attained a balanced or free running 
speed under the conditions. The motor is then developing only 
sufficient torque to overcome the train resistances. The motor, 
being a series machine, has the same current in the field and 
armature. Under these conditions a very slight increase in the 
field current would increase the counter electromotive force of 
the armature to a value greater than the impressed electro- 
motive force of the supply circuit. 

Now assume an ordinary series motor in which the armature 
current cannot be increased materially above the corresponding 
field strength without disturbing the commutating conditions; 
it follows that the motor acting as a generator can only give a 
retarding force approximately equal to the train resistances. 
This added to the train resistance would give a total retardation 
so small that it could not be called a braking effect. From this 
it is obvious that the armature current must exceed the field 
current at times in order to produce a retarding effect which can 
be utilized in bringing the train to rest, or in holding the train on 
a grade. This, then, is another condition which the ordinary 
series railway motor does not readily fulfil. 

From the foregoing it would seem that a motor to operate suc- 
cessfully as a regenerator of power must have the following 
characteristics: 

1. It must be capable of operating through a wide range of 
variation between field and armature current, and 

2. It must be provided with some nieans of producing a shunt 
characteristic. 

The first characteristic exists to the fullest extent in a motor 
having some means of compensating for armature reaction, as 
well as a means of maintaining a constant commutating condi- 
tion. This characteristic also exists to a limited extent in a 
motor having either one of these functions. 
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The second characteristic is not so easily provided. In the 
direct-current motor it can be obtained by providing the motor 
with both a shunt and series winding, either of which has suffi- 
cient capacity to operate the machine either as a shunt-wound 
generator or as a series motor. 

Another method of furnishing the shunt characteristic is to 
provide a means of separately exciting the motor field in- 
dependent of the line or motor voltage. "There are several ways 
of doing this. In the case of four-motor equipments, one 
method is to use one motor as a generator to excite the other 
three motors which will operate as generators, being connected 
to the supply circuit. 

Storage-batteries may also be used to excite the fields, but this 
arrangement has its disadvantages in being complicated. 

The great difficulty encountered in operating direct-current 
motors as regenerators of power is that the impressed pressure 
is a constant, and the means at hand for meeting it are very 
limited. Аз the ordinary series motor will not permit of any 
very great variation of armature current with a constant field, 
and as only a very limited number of combinations of the motors 
is possible, the range through which an equipment can be oper- 
ated regeneratively is, under the most favorable conditions, 
very limited. | 

In the single-phase, alternating-current motor of the series 
type these necessary characteristics are inherent. Without 
entering into a description of this motor, the design of which is 
well known, it is sufficient to say that the machine is providea 
with a compensating winding to neutralize the armature 
reaction, and also has preventive leads between commutator 
and armature windings which assist in commutation. This 
construction yields the first characteristic; the second is easily 
obtained in connection with the transformer used in the voltage 
control of the motor. 

The method of producing this result 1s to use one of the motors 
of the equipment as an exciter for the others. By providing the 
transformer with suitable voltage taps, the value of the field 
current of the exciter may be varied through a wide range, as 
well as the generated voltage of the restored power. In this 
respect the conditions are very much more favorable than in 
the case of the direct-current motor, in which the only variations 
that can possibly be made are in the series-parallel combinations 
of the motors that are being used as generators. 
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The exact arrangement of the motors and their connections are 
shown diagrammatically in Fig. 1. 

Assume the car or locomotive upon which the motors are 
mounted to be in motion, the armatures turning at a correspond- 
ing speed. If the field of the first machine be connected to the 
transformer, an alternating electromotive force will be generated 
by its armature, the value of which will be directly proportional 
to the speed. If the field of the other motor be connected to the 
exciter armature, an alternating current will pass through it, 
and the second armature will in turn generate an alternating 
electromotive force the value of which varies about as the square 
of the speed—the excitation of the first machine remaining 
constant. 

The electromotive force generated by the second armature will 
bear a very close phase-relation with the electromotive force 


Fic. 1 


of the transformer, for the reason that the current in the field 
circuit connected to the transformer lags approximately 90°, 
as does the current in the field-circuit of the second. machine. 
This combination throws the generated electromotive force of 
the second machine approximately 180? back of the transformer 
electromotive force, or, by reversing the connections, in the same 
phase-relation. 

The phase-relation between the generated and transformer 
voltages is shown in Fig. 2. 

This record shows that the two electromotive forces are in 
exactly opposite phase. Under these conditions the current 
flowing after the circuit is closed with the connections re- 
versed, will be displaced from the electromotive force, due to 
the impedance of the armature circuit. Fig. 3 shows this 
displacement when the armature is carrying about 100% cur- 
rent overload. 
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This is at a power-factor of 80%. The power-factor varies 
between this and 100% as the load decreases to zero. The 
obvious method to improve the power-factor is to shift the 
phase-relation of the generated to the line electromotive force. 
The result of this is shown in Figs. 4, 5, and 6. 

Fig. 4 shows approximately the relation of the generated to 
the transformer electromotive force as it would be on open 
circuit, as the current in this case is small. 

From these records it is evident that there is no difficulty in 
restoring power with a single-phase, commutator-type motor at 
practically 10065, power-factor, the machine operating as а 
non-synchronous, alternating-current generator. 


Fic. 2—Oscillogram of generated and transformer electromotive forces. 
The generated electromotive force is the curve with the irregular top 


This condition being established, the next step 1s to see how it 
applies to actual operating conditions. From the foregoing it 
is evident that one of the motors of the equipment must be set 
aside for use as an exciter for the others, or a separate motor- 
generator set must be provided. If a separate source of excita- 
tion is provided, all the motors can be used to the fullest extent 
for regeneration of power, in which case the total capacity for 
regeneration will be increased over the capacity of the ma- 
chines as motors by the increase in the power-factor. If the 
regenerative function is to be used for braking in making fre- 
quent stops, it might be desirable to supply the separate excita- 
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tion; but if it is to be used in holding the train on grades it is 
unnecessary, as the remaining motors, if the equipment consists 
of three or more motors, will have ample capacity to do the work. 
. Assume a 2% grade of considerable length. The motors, 
all working, have sufficient capacity to haul the train up the 
grade. Assume the equipment to consist of four motors. 
Assume train resistances at six pounds per ton. The total 
tractive effort will then be 46 pounds per ton in ascending. 
To hold the train at the same speed in descending, a retarding 
force of 34 pounds per ton must be supplied. The retarding 


Fic. 3—Oscillogram of current and electromotive force of generator. 
The lower curve :s the current. Power-factor 80% lagging current 


force necessary is then approximately 75% of the force necessary 
to haul the train up the grade. It is evident from this that 
three of the four motors have ample capacity to exert the 
necessary retarding force, even if the power-factor of the ma- 
chines as generators is no better than when they are operating 
as motors. It has been shown that the power-factor when operat- 
ing as generators can be made better than when operating as 
motors; therefore, there is a surplus of capacity in four-motor 
equipment, and in three-motor equipment about an equal 
capacity. 

The characteristics. and capacity of the machines being 
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Fic. 4—Oscillogram of current and electromotive force under light оға. 
The lower curve is the current. Power-factor 98% leading current. 


Fic. 5—Oscillogram of current and electromotive force under normal 
load. Conditions same as Fig. 4 The lower curve is the current. 
Power-factor 99.5% lagging current 
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correct for the work, it only remains to provide suitable means 
for manipulating the circuits to adapt the apparatus to the con- 
ditions. This is accomplished by providing switching apparatus 
to connect the motors in the proper relation and for furnishing 
and controlling the field current of the machine used as an exciter. 

Fig. 7 shows diagrammatically the main circuits and con- 
nections for a four-motor equipment. From this it is evident 
that the switches used must have a current capacity the same as 
the motors, for there are four in parallel on the transformer and 
the switches used for reversing carry the current for one motor 


Fic. 6—Oscillogram of current and electromotive force under 100% 
overload. Conditions same as Figs. 4 and 5 .Power-factor 
97% lagging current. The current 5 the upper curve. 


only. As shown, 36 switches are required for the entire control of 
the motor equipment. 

Fig. 8 shows diagrammatically the same motor equipment 
arranged for regeneration in addition to the regular motor con- 
trol. As shown, 54 switches are required of the motor-current 
capacity, and 16 of one fourth that capacity. ОЁ the added 
switches of the motor-current capacity, 10 have been added to 
the transformer to enable slow speeds on regeneration to be ob- 
tained, and 8 are required to change the combinations of the 
motors. Besides the added switches, three small preventive coils 
and a few additional transformer taps are required. From this 
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it is seen that the amount of additional apparatus required is 
insignificant compared with the result accomplished. 
The curves shown in Fig. 9 give the relative tractive and re- 


a 


1900000000000000000000000000000000000000006060000000000000 0 


06000000 


Fic. 7 


tarding effort, both continuous and maximum, of a four-motor 
equipment. 

As shown by the curves in Fig. 9 the :hree motors of a four- 
motor equipment acting as generators restoring energy to the 
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line will let a train down a 2% grade at any speed from 9 miles 
per hr. to 30 miles per hr., that the motors have capacity to haul 
up the same grade at any speed up to 18.5 miles per hr. This is 
for continuous duty. At maximum duty for short periods the 
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capacity is increased about 60%. Between 9 miles per hr. and 
30 miles per hr. there are 40 operating speeds, the gradations 
from one to the other being such that at no time will there be 
any variation exceeding. 10% in torque. This necessitates, of 
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course, a rather large number of switches being used, but it seems 
to be a very desirable condition to fulfil in heavy freight traffic. 

Efficiency of this system of regeneration. The efficiency of 
the system when the motors are operating as generators and 
restoring energy to the supply circuit 15 about the same as the 
efficiency when operating as motors, there being perhaps a slight 
advantage in the case of the generator, due to the improved 
power-factor conditions. This, of course, assumes about the 
same load conditions on the machines in either case. However, 
the actual saving in power-house output can never be a very 
large percentage. If the entire road consisted of 2% grades and 
there wereno switching to be done, the saving in power con- 
sumption might be as high as 50%; under ordinary condi- 
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tions it could not be made to exceed one half of this, while under 
unfavorable conditions or with a level track and long runs, 
using the regenerative function only for braking, the saving 
could not be more than a few per cent. 

The value of this system of regeneration is not to be found 
so much in the saving of power as in the saving in wear and tear 
and the ability to operate over a wide range of speed, as well as 
the comparative safety of operation. In the case of running 
heavy trains down long grades, the braking apparatus of all cars 
in the train can be held in reserve, it being necessary to use 
it only in emergency or in making thefinalstop. Under these 
conditions the number of accidents due to the failure of the 
brakes would be very much reduced. 
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This is the onlv svstem of regeneration vet developed which 
can be operated at maximum efficiency over a wide range of 
speed. In the case illustrated, fortv speeds between 9 miles 
per hr. and 30 miles per hr. are obtained. This number can be 
increased if desired simply by the addition of a few switches. 

The three-phase system is the only other one in which the 
regenerative function has been developed to any extent, but at 
most there are only a few widelv separated speeds at which it can 
be operated efficiently. Generally there is but one. 

A system of electric traction in which the trains must go up- 
grade and down-grade at one fixed speed in order to operate 
efficiently is certainly at a disadvantage when compared with 
one in which the trains can be operated at any speed below a 
certain maximum speed up-grade and at ану speed within safe 
limits down-grade, at all times, whether taking energy from the 
line or restoring it to the line, the apparatus operating with 
maximum efficiency. 

It will be noted that in this svstem the impressed voltage is 
changed to adapt 1t to the generated voltage, while in the direct- 
current or the three-phase svstem there is but one impressed 
voltage available. 

This wide range of working voltage, with the ability to 
vary the armature current with respect to the field through a 
wide range, gives to the single-phase series motor the extreme 
flexibility as a regenerator of power that it has as a motor. 

One other point that is worthy of note in connection with the 
operation of this system is the absolute safety and stability of 
the combination, While the machines being operated as 
generators are normally series machines, it will be noted that no 
one of the armatures is connected in series with its own field, 
and under no condition can there be any surging or building up 
of load. In case of momentary interruption of the supply 
circuit, the circuit again being restored the system will again 
operate exactly as before the interruption, there being no surging 
or violent action of the machines. 

The system of regenerating power here described has been 
used in testing locomotives to give a dead-load condition under 
a wide range of speed. 

Numerous stand-tests have also been made, so that the 
operation of the motors under the conditions is well established 
and there is no doubt about the scheme doing all that is claimed 
for it. 
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FRACTIONAL PITCH WINDINGS FOR INDUCTION 
MOTORS 


BY C. A. ADAMS, W. К. CABOT, AND С. 4. IRVING, JR. 


For several years past some of our large manufacturers have 
used fractional pitch windings, for induction motors to a con- 
siderable extent, and for alternators to a lesser extent. 

It was the original purpose of this investigation to develop by 
theory and experiment a method by means of which the effects 
of such windings may be calculated ; and although this purpose has 
been successfully carried out as far as time allowed, there is still a 
very interesting part of the subject which must be left for another 
time; namely, the relation of fractional pitch windings to squirrel- 


cage motors. 
THEORY 


The theoretically ideal induction motor would have a very 
large number of symmetrically placed phase windings of full 
pitch on both primary and secondary structures, the primary 
windings being supplied with the same number of equal, sym- 
metrical, simple harmonic electromotive forces. In this case the 
flux density across the air-gap, the primary current, and the 
secondary current would be distributed sinusoidally around the 
gap periphery at any instant, and these distributions would re- 
volve smoothly around the periphery at synchronous velocity. 

The chief difference between this ideal machine and the 
actual is that the number of phases 1n the latter is small and there 
must, therefore, be several adjacent conductors or slots carrying 
the same current at the same instant, thus forming what may 
be termed a belt of conductors in which the current increases and 
decreases as a unit. On either side of this belt is another, the 
current in which differs in phase from that in the first by a 
considerable angle, 60? in a three-phase and 90? in а two-phase 
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motor. Thus the current varies from point to point around the 
periphery by jumps or steps rather than gradually, as in the ideal 
motor. 

It is a well known fact which has been demonstrated both 
theoretically and experimentally that even an ordinary induction 
motor, if it have a low-resistance squirrel-cage secondary, and be 
supplied with simple harmonic electromotive forces, will have 
a gap flux whose peripheral distribution is approximately 
sinusoidal at each instant, the effect of the slot openings being 
neglected. 

Even in the case of a phase-wound secondary, the most 
satisfactory common ground for calculation is the assumption of 
a sinusoidal peripheral flux distribution, for although it may be 
claimed that such a distribution does not exist in fact, the results 
of calculations based upon this assumption are sufficiently close 
to the observed facts to render its use quite warrantable. 


Differential factor. When an harmonically distributed flux 
sweeps round the gap periphery it causes to be induced in 
the conductors of any given slot a simple harmonic electro- 
motive force. If this slot is one of three per pole per phase of a 
three-phase motor, there will be induced in the conductors of 
these three slots of the same phase, three harmonic electromotive 
forces differing in phase by 20°, and these three electromotive 
forces will add together vectorially to form a resultant whose 
magnitude is about 0.96 of their numerical sum. This slight 
loss of effectiveness in electromotive force generation, which 15 
due to the fact that different conductors of the same phase belt 
are at certain periods experiencing electromotive forces of 
opposite sign, may be termed differential action, since it consists 
in the differential cutting of flux by conductors of the same phase 
belt. Similarly the factor (0.96 in this case) by which the total 
numerical electromotive force must be multiplied to obtain the 
actual resultant electromotive force, may be called the differen- 
tial factor. But differential action in these phase belts is not con- 
fined to electromotive force generation; it also appears in a 
similar manner in the production of an harmonically distributed 
magnetomotive force by currents in these belts. This means 
that a larger current per phase is required to produce a given 
magnetomotive force than in the ideal motor. If the secondary 
is supplied with an ordinary phase winding, the belts of this 
winding will be subject to the same differential action, both in 
the generation of electromotive force and in the production of 
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torque by the reaction of the current belts on the gap flux. 
Moreover, in this latter case the overlapping of a secondary 
phase belt by parts of two primary phase belts, (or vice versa), 
results in local fluxes crossing the gap, which have components 
in phase with both primary and secondary currents and thus 
give rise to quadrature electromotive forces* which may be 


г» 


considered as another aspect of the belt effect or differential 
action. 
The phenomena introduced by fractional pitch windings are 
largely of this same type, and may in most cases be treated as an 
*This subject has been treated by one of the writers under the head of 


Belt leakage. Proceedings International Electrical Congress, St. Louis, 
1904, Vol. I, page 706. 
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iet 

extension of differential action. Thus if coils having a pitchor 
throw of less than 180? (electrical) be used for the winding of an 
induction motor, the effect will be to shift one of the layers of the 
winding around through a certain angle from its full pitch posi- 
tion, see Fig. 1, where a four-pole, three-phase winding with a 
two-thirds pitch is shown diagrammatically. The positive or 
backward connected belts are shown in heavy lines, and the 
negative or outward connected belts in light lines; the two 
sides of each phase coil are similarly lettered and numbered. 
The overlapping of currents of different phase in the same slots 
is here quite apparent. 


Slot leakage. The reactance due to that part of the leakage 
flux which crosses a slot, linking with more or less of the con- 
ductors in that slot, may be expressed as follows: 


х; = 27 n ds INL ? 10° (1) 


where n is the frequency, 9, the flux per ampere per unit length 
of slot, Nes the conductors per slot, / the length of the core, 
N, the total number of slots, and p’ the numberof phases. None 
of these quantities is affected by a change of coil-pitch, except 
ф;. This change will therefore be a measure of the effect 
produced upon the slot leakage by the fractional pitch. 
Designate by 0 the pitch of the coils in electrical degrees, and 
by B the angle of pitch deficiency = 180?-0. Then if the ma- 
chine in question has a verv large number of phases, the two 
coil-sides located 1n any given slot will in general carry currents 
which differ in phase by д degrees, and the component of one of 
these currents in phase with the other will be proportional to 
cos f. If the product of the inductances of these two coil-sides 
is equal to the square of their mutual inductance, t.e. if there be 
no rclative leakage flux between them, the ratio of the average 
leakage flux linked with one, to what it would be with full pitch 
winding and no phase difference between the two currents, is 
кл. un Pes cos? rd = sin? =k,. This may be called the slot- 


ods Ld 


pitch factor, under the two above mentioned conditions. But 
neither of these conditions exists in. practice. 

Consider first the relative leakage between the two coil-sides 
in the same slot. Referring to Fig. 2, the flux linked with coil b 
per inch length of slot for one ampere in 6 is 


м 
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The flux linked with b per inch of slot for one ampere in а 15 


2392 үа, ) 
Pab = w (G +d, 


But the current in a differs in phase from that in b by an angle 
В, апа the component of $,, in phase with фьь is dap cos f. 
Then the total in-phase flux linked with b per slot inch and for one 


3SiyZ2- 


ampere distributed uniformly over the whole copper section of 
the slot, is, 


_ Poot Pab cos B - 52 (а B NEA 2)] 
фь = 2 mene I + os (+ 


Similarly 
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d, d 
and Pa = Patpa COS P _ ^ а + ЭКЕЕ 1 +92) | 


Then since each coil has one side in the bottom and the other in 


the top of a slot, the average flux linkage per ampere inch of 
slot will be 


_ф„+фь — 3.2[d, , (d, .) ] 4- cos )] 
meee ee pes uc. 2 (2) 


3.2 . , 0 
Or Ps = 207% 437 [а +d, | sin’ ET 


d 
There is thus a small portion (0.267 2 of the slot leakage 


which is independent of the coil-pitch; it is obviously that part 
which lies between the two coils, and would disappear if the 
latter were placed side by side in the slot rather than one on top 
of the other. 

With this correction, the slot pitch-factor becomes 


d, . (d, ) 15-00) 
Bü Ts ( 2 
т A EN 

Bt +4) o 


If the slot is partly closed, the resulting increase in d$, is 
common to both coils and would involve a change in only that 
part of formula (2) which 1s affected by the coil-pitch. 
14-cos д 

2 


to different values of the coil-pitch, and curve В gives the 
corresponding values of kb, from equation (3), for a motor with 
open slots, in which the coils occupy about 8065 of the slot depth. 
If the slots be partly or wholly closed, the constant part of 
equation (2) decreases relatively and the corresponding kp curve 
will drop down, approaching more nearly to curve А. 

In all this a very large number of phases has been assumed. 
Consider now the effect of a small number of phases. Take 
for example a two-phase motor with $ pitch. 2 = 45° and 
kp taken from curve B, Fig. З, 15 0.88. The two lavers of the 
winding will be as in Fig. 4, where the relative phases of the 
currents in the several belts are indicated. Consider the 0° belt 


In Fig. 3, curve А gives the values of — corresponding 
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in the upper layer; half of it overlaps a 0? belt in the lower 
layer and the pitch-factor for this half is therefore 1; the other 
half overlaps a 90? belt in the lower laver, with a corresponding 
pitch-factor of 0.585. Thus the average pitch-factor for the 
belt is 0.792 in place of 0.88 as given by curve B or equation (3). 

If the coil-pitch is deficient by one or more whole belts, the 
conditions will be exactly the same as those for which the curve 
B Fig. 3, was calculated. Therefore that curve will give the correct 
pitch-factor of a three-phase motor for a 4 and for a 4 pitch, and 
of a two-phase motor for a 4 pitch winding. 

A little consideration will show that between these points the 
actual pitch-factor will follow a straight-line law. 


“| Coil Pitch їл terms of Full Pitch 


i9) Г AS WWE dE uM. 34 4 ua 16° "Lio. d 2 ^ M h5 


In Fig. 3 the lines B, and B, show the variation in k, for two 
and three-phase motors respectively. А, and А, show the same 
factors when the relative leakage between the two coil-sides in 
the same slot is neglected. 


Tooth-tip or '' zigzag " leakage. The expression for the tooth- 
tip leakage reactance is of the same form as that for the 
slot leakage; 

N, 


p 


10° (4) 


Xu = 2z n hy NUI 


where d, is the tooth-tip flux per ampere inch of slot, for both 
primary and secondary. 
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As far as the fractional pitch effect is concerned, this element 
is exactly on a par with that part of the slot leakage which 
crosses the slot above the conductors, since it is whollv common 
to both coil-sides. The tooth-tip pitch-factor will therefore Бе 
that shown by lines A, and А, Fig. З. 


Coil-end leakage. The coil-end reactance may be expressed 
as follows: 


ә у, 
=2тпфр (55) * 10% == у 85. (5) 


where фу is the flux per ampere inch of the whole phase belt 
bundle of coil ends, p the number of pairs of poles, .N the con- 
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ductors per phase and 7, the length of the two ends of one ccil, 
usually about three times the coil-piteh. There are two terms 
in equation (5) which vary with the coil-pitch, /, in а compara- 
tively simple manner, and $; in a manner not so obvious. 

For a circular coil in air, фу, the flux linked with one inch of 
the coil as a whole, per ampere distributed uniformly throughout 
the section of the coil, is proportional to the logarithm of the 
ratio of coil diameter to the diagonal of its cross-section, pro- 
vided this ratio is large. For coils such as are used on induction 
motors this relation holds only in a general way, especiallv 
when the mutual inductive effect of neighboring coils is taken 
account of, and when the pitch is fractional. However, within 
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practical limits $; would increase in approximate logarithmic 
relation to the coil-pitch, were it not for the mutual inductive 
effect of adjacent phases, and the curve representing this rela- 
tion would tend toward a zero which is not that of the pitch. 
Consider now the mutual inductive effect of adjacent phases. 
For pitches less than unity, this decreases in about the same 
ratio as the self-inductive effect and thus does not much change 
=- the general shape of the curve. But for values of the pitch 
greater than unity, the mutual inductive effect of opposing phases 
begins to count and to reduce considerably the otherwise value 
of фу. Thus the curve showing the relation between фу and the 
coil-pitch should be logarithmic in its general character, tending 
toward zero at some small (not zero) pitch, and falling in- 
creasingly below the logarithmic curve for pitches greater 
than unity. This, in fact, is approximately the shape found by 
experiment. " 


Belt leakage. The belt reactance may be expressed: 


мү № 
= 2л п фь 2 р (5) шг ar (6) 


where фь, the flux per ampere inch of the belt, is inversely as 
the reluctance of the belt magnetic circuit, and proportional to 
the sin? of 1 the angle of phase difference between the currents in 
the two opposing belts. d, is thus proportional to the belt- 
pitch and inversely to the air-gap.* 

In the analysis of the effect of fractional pitch upon belt 
leakage, each case is a law unto itself, and requires a special 
quantitative analysis, which is not always short. The results, 
however, are in some cases most interesting, and can best be 
considered in conjunction with the experimental data. 


Exciting reactance. In the case of fractional pitch, a higher 
flux density is required in the gap in order to produce the same 
resultant electromotive force, because the electromotive forces 
in the two sides of any given coil differ in phase by 8 degrees. 


B 


The electromotive force differential-factor is then cos zor sint 
where 0 is the coil-pitch angle. 

Not only is the exciting current higher because of the increased 
gap density, but it 1s still further increased because of the overlap- 
ping of currents of differing phase and the consequent reduction 


*See the paper referred to in note at bottom of third page of this 
paper. 
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in effectiveness for magnetomotive force production. The mag- 
netomotive force differential factor is cos 8/2 only when the coil- 
pitch is an exact multiple of the belt-pitch. For example, take 


the two-phase motor with 0.75 coil-pitch, Fig. 4, the average of 
the resultant currents is 5: 2 == 0.853, but cos Ё = 0.96. 
In Fig. 5, curve E shows the electromotive force differential- 
factor, M,the three-phase and M, the two-phase magnetomotive 
force differential-factor. |The pitch-factor for the exciting 
reactance is then the product of E and M,or of E and M,and is 


shown in curves B, and B, of Fig. 6. 
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RESULTS OF EXPERIMENTS 


The motor tested had 48 slots, (see Fig. 7) on stator and rotor 
and several sets of coils were used in the same core.  Short-cir- 
cuit tests were made at 300 and at 60 cycles, and open-circuit 
tests at 60 cycles. The latter were made with rotor stationary. 
Each set of coils had the same number of conductors per slot, 
as had the rotor and stator coils. 


Coul-end reactance. The соге was removed except for 
two plates, just sufficient to support a set of short coils. 
Short-circuit tests with this arrangement were practically 
useless owing to the relatively large exciting current; so the 
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primary and secondary were connected in series, phase for 
phase, and the opposing belts set opposite each other. Then, 
since there were the same number of turns in primary and second- 
ary, no flux crossed the gap, and the total impedance was 
accurately determined. Moreover, by measuring the drop 
across primary and secondary, the two impedances were separ- 
ated. The very small slot reactance due to the two core discs 
was then computed and subtracted from the total, leaving the 
coil-end reactance alone. 

Two sets of coils were employed in these tests. One set with 
a pitch of twelve slots was connected for three phases; two poles 
and four poles; half and full pitch respectively; both primary 
and secondary being connected in exactly the same manner. 


Rotor – +8 Slots 


Stator — +8 Slots 


The other set with a pitch of nine slots was connected for 
three phases; two poles, four poles, six poles, and eight poles; 
& pitch, 4 pitch, 14 pitch, and 14 pitch respectively ; making in 
all six combinations with the short coils. 

From the reactances obtained from these tests, the correspond- 
ing values of фу were computed by means of equation (5), in 
which /, was taken as the total length for both primary and 
secondary. The results were plotted in the curves of Fig. 8. 
The difference between фу for the twelve-slot coils and the nine- 
slot coils is due to the fact that in the latter case the primary 
and secondary coil ends were bent farther back, thus leaving 
more room for leakage between them. 

The upper curve of Fig. 8, shows both sets brought together 
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by plotting each set in terms of its full pitch value. The curve 
of Fig. 9 shows the total coil-end pitch-factor for a special case 
where l, is taken equal to 5 in. 4- 2.84, À being the coil-pitch in 
inches. The pole-pitch was taken as 10 in. 

The coil-end pitch-factor 1s then: 


54- 2.84, 
532.82, 


If all the coil-end leakage be charged to the primary, the 
corresponding full pitch value of $; for the first set of tests is 
1.14, and 1.35 for the second set. The first of these corresponds 
more nearly to a normal induction motor. 


ky = (фу in terms of that for full pitch) X 


Three Phase 
Coil End Leakage. 


axwells per ampere inch of 
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For a squirrel-cage motor with bars extending well out from 
the core, the value of фу (all charged to primary) is known to 
be about one ora little more, which is very close to the value 
given above for a wound rotor. No experiments of this sort 
were made in the present investigation; but many instances are 
at hand where a considerable change has been made in the 
reactance of a squirrel-cage motor by altering the disposition of 
the end-rings. The writer hopes to investigate this matter in the 
not distant future. 

Slot reactance. Following the above described coreless tests, 
the normal core of length / = 3.2 in. was replaced and tests were 
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made with two different sets of coils; one set having a coil pitch 
of twelve slots and the other nine slots. The first set was 
connected in four combinations, two-phase two-poles; two- 
phase four-poles; three-phase two-poles; and three-phase four- 
poles; the second. set was connected in five combinations, 
two-phase four-poles; three-phase, two-poles, four-poles, six- 
poles, and eight-poles. In the second set the wires were placed 
in the slots without taping and were depressed as much as 
possible, see Fig. 10. 

Series tests were first made with the secondary belts directly 
opposite the corresponding primary belts, thus eliminating both 
tooth-tip and belt reactance. 


р а ре RET EET 
— in = a Шш Pe] | 
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Ordinary short-circuit tests were then made, (a) with belt 
opposite belt as in the series test, (b), one half of the tooth-pitch 
beyond position ''a ”', where the tooth-tip leakage is a maximum, 
and (c) one half belt beyond position ‘“ а" where the belt 
leakage is a maximum. 

Tests were then made with the secondary open circuited to 
determine the exciting reactance. 

The short-circuit tests '' a " gave reactances uniformly two or 
three per cent. lower than the series tests, as was to be expected. 
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From the reactances obtained from the series tests, the coil-end 
reactances, (as calculated with the aid of the coreless tests) 
were then subtracted. The remainders are the slot reactances. 
The full pitch values of фу used in calculating x; were 0.66 for the 
first set, (the twelve-slot pitch coils), and 0.70 for the second set, 
(the nine slot pitch coils). In both these cases, the coil-ends 
were bent well back in order to make room for the temporary 
between-coil connections which had to be changed several times. 
At first 0.70 was chosen for both sets, but it was found that 
0.66 gave more consistent results for the slot leakage in the 
first set. This is also what might have been expected since, in 
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the second set, the primary and secondary coil-ends are farther 
apart where they come out of the slots. 

From the slot reactances obtained above, $, was calculated 
from equation (1). The slot pitch-factor is then kj, = фу Фф 
where $,, is the value of ф; for full pitch. 

The values of kps thus determined are plotted in Fig. 10 where 
the calculated curves from Fig. 3 are also shown. It will be noted 
that the deviations of the observed points from the calculated 
curves to which they belong, are within the reasonable errors of 
observation and calculation, particularly when it is remembered 
that owing to the comparatively large values of х, which were 
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subtracted from the series test reactance x to get x, the slot 
reactance, a moderate change in фу will shift the relative values 
of kps so that when plotted they appear to have little relation to 
the theoretical curves. 


Tooth-tip or ‘‘ zigzag” leakage. The difference between the 
"b" and the “a?” reactances gives the maximum tooth-tip 
reactance X, but it gives in addition a small portion of the 
belt reactance. 

From this difference, $,, may be calculated by equation (4) 
and thence the tooth-tip pitch-factor. The results are plotted 
in Fig. 11, together with the theoretical curves A, and A, for 
two- and three-phase respectively, taken from Fig. 3. 


А [es Pitch in in [op =“ uo Fan men] | 
.8 


t.t 1.2 13 14 Ls 


These results may seem rather wild, but there аге 
several reasons therefor. First, the tooth-tip leakage is, 
in this case, a comparatively small part of the total re- 
actance, and a small error in either the "o" or the “b” re- 
actance makes a large percentage error in their difference; 
secondly, it is not likely that the rotor was set each time in exactly 
the position of maximum tooth-tip reactance, since the maximum 
is a narrow one owing to the open slots on both sides of the gap; 
thirdly, because of the inevitable presence of the uncertain and 
variable amount of belt leakage mentioned above. Taking these 
things into account, the results are in very fair accord with the 
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theory. There is every reason to believe that this element of 
the leakage follows the theory outlined, quite as closely as does 
the slot leakage. 

Belt leakage. The maximum belt reactance was obtained 
from the short-circuit tests by subtracting the ''a " reactance 
from the “c” reactance. The experimental results are given 
in Table I, and a few typical cases will be considered. In 
column Xs the two-phase belt reactances are reduced to two- 
thirds of their actual values for comparison with the three- 
phase reactances. 


TABLE I 


‚Хо. Pitch. Xp Yag 


2pols' 1. ,0.5.— 11.32. 7.52 


2 phase -—— — —— —— —- i————--- 
4poes 2 1. 6.02. — 4.01 
12-slot pitch | | ИА a ee И 
2 piles | 8 0.5 1.38 1.83 
! 4 poles 4 1. 0.846. 0.846 


— — ——— — eee ee ———Ó 


2 phase [pues 0.0 0.75 0.81 0.54 


| 
| 
| 
| 
L 3 phase | — cnp 
' 
1 


9-slot pitch ( 2 poles 6 0. 
poles 7 0.7. 


3 phase | 6 poles 
| 
| 


© 


1. 
З poles | 9 I 


L 


First compare the two-phase and three-phase belt reactances ; 
No. Тапа No. З are alike in all other respects, but the two-phase 
is nearly 5.5 times the three-phase value; similarly with No. 2 
and No. 4. The theoretical ratio of two to three phase is 5.1 
for the same number of slots per belt; when the above results 
are corrected on this latter score, they compare still more favor- 
ably with the theoretical ratio. 

Compare No. 1 and No. 2, the only difference between which 
is the number of poles and the fractional pitch. In No. 1 ¢o* 
is twice as great because of the increased belt pitch and p is one 
half; therefore x, should be four times as great were it not for the 
pitch-factor which is thus, 0.53, about the same as for the slots. 


*See equation (6.) 
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Compare No. 2 with No. 5, the only difference being in the 
coil-pitch. The reason for the great reduction will appear from 
an inspection of Fig. 4, which represents the two layers of the 1 
pitch winding of No. 5. The effect of the overlapping of the 
two layers 15 to double the number of resultant belts and to 
decrease the phase difference between them to one-half. "There 
is still an unbalancing of the magnetomotive forces due to the 
different magnitudes of the resultants, but this cannot be 
analyzed by means of equation (6). 

Comparing No. 5 and No. 7, which differ only in phase, we 
find no such contrast as between No. 1 and No. 3. The reason 
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for this will appear from the belt diagram of No. 7 shown in 
Fig. 4a; namely, that the maximum belt width is here reduced 
to only $ of its original value, whereas in No. 5 it was reduced 
to one-half. In fact, the maximum belt width is the same in 
No. 5 and No. 7, although they are two and three-phase re- 
spectively. 

The result of this analysis is to show that the fractional pitch 
effect on belt leakage is largely dependent upon the relation be- 
tween the coil-pitch deficiency and the belt-pitch, and that a 
proper choice of this relation makes a relatively very large re- 
duction in the belt leakage, especially in a two-phase motor. 
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Such a choice also smoothes out the large kinks of the current 
distribution, and has much the effect of doubling the number of 


phases. 


Exciting reactance. The exciting reactance was determined 
from the open-circuit tests made with rotor standing in the 
position of maximum reactance, namely, with the rotor teeth 
opposite the stator teeth. 

In order to make the results comparable and thus be able to 
determine the pitch-factor, the exciting reactances were all 
reduced to a three-phase two-pole basis by multiplying by 


4 p2 
PP In addition to this, the two-phase reactances were 
multipled by 1.10 in order to eliminate the difference between 
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the differential-factors of the two and the three-phase motors at 
full pitch. 

In Fig. 13, the observed values of the pitch-factor for the 
exciting reactance are plotted together with the theoretical 
curves. No satisfactory explanation has been offered for the 
considerable deviation of the two high points on the right of the 


figure. 
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SUMMARY 


All the principal pitch-factor curves for the three-phase 
motor are assembled in Fig. 14, and those for the two-phase 
motor in Fig. 15. 

To sum up, the effects of a fractional pitch winding are: 

a. А reduction of the several components of the leakage 
reactance. 

b. А reduction of over-all length of the motor. 

c. In some cases, a considerable gain in the convenience of 
winding as well as a saving of space. 

d. А decrease in the exciting reactance; that 1s, higher den- 
sities in all parts of the magnetic circuit and a higher exciting 
current for the same voltage. 

It will be observed that except for the reduction in endwise 
length over windings, the effect of fractional pitch is the same as 
that produced by reducing the number of active conductors, but 
although the latter method is in many cases the more efficient 
from the standpoint of operation, the former is frequently more 
convenient from the standpoint of the manufacturer, even when 
the saving in endwise length is not a controlling factor. 

There are, however, cases of high-speed motors where the 
fractional pitch winding is more efficient from every standpoint 
than the full pitch winding of fewer turns. 

As an example of a fractional-pitch problem, consider a three- 
speed, three-phase induction motor. The comparative constants 
for the three speeds are given in the following table: 


: Relative | Relative | . 
rev. Relative core den- | exciting Relative Relative | Power- 
Poles. | per min. |gap density sity. current. | reactance. |safe output] factor 


4 | 1800 | 077 | 115 | 59 | 95 | 103 | 093 
6 | 1200 100 100 | 100 100 100 0.90 
8 900 154 115 | 237 75 84 0.76 


A paper presented at the 24th Annual Conven- 
tion of the American Institute of Electrical En- 
gineers, Niagara Falls, N. Y.. June 28, 1907. 
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COMMUTATING-POLE DIRECT-CURRENT RAILWAY 
MOTORS 


BY E. H. ANDERSON 


General. In order to appreciate the development and reasons 
for the existence of a commutating-pole railway motor, it is 
well to discuss in some degree some other develapments. In 
the beginning, railway-motor designers had many difficulties to 
contend with. 

1. The question of gearing was possibly foremost, whether it 
should be single or double reduction or possibly gearless. All 
these were tried with more or less success. The pendulum swung 
back and forth from this point, but it has settled partlv and is still 
settling. The small motor (automobile) is now more usually 
double reduction; however, in some cases, single reduction 1s 
used where weight is not of importance. The usual railway 
motor has settled down to single reduction. Inthe larger railway 
motor, where the work approaches that of a locomotive, it is 
often questionable whether single reduction or gearless should be 
used. When powers are small, as in the case of single-car units, 
the motor is naturally provided with single-reduction gearing. 
Then again, for large locomotives and high speeds, obviously the 
motor should be of gearless construction, this being especiallv 
true in the light of what mav be done with gearless bipolar motors 
of direct-current design, i А 

2. Possibly, insulation is next in order, various methods having 
been tried. The conductors havebeen covered with a variety of 
materials, but double or triple cotton-covered insulation has 
practically become standard. The slot insulation has been 
through various changes; for wire-wound machines it has 
settled down to a good varnished cambric with a protecting tape 
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of cotton, although an all-asbestos insulation of armature coils 
is promising. 

Where bars are used as armature conductors, it is possible to 
insulate them entirely with mica. This type of insulation has 
been fully developed and may be considered as standard. 

The field insulation has long been in a state of evolution, but 
is pretty well standardized on a basis of mica 1n metallic shells 
for the larger ribbon-wound field-coils, and varnished cambric 
for the smaller fields wound with wire. Here also an all-asbestos 
insulation is promising. 

3. The present method of lubricating the bearings with oil has 
resulted from a process of elimination; many forms of grease-cups, 
oil-cups, wicks, etc., having been tried; in fact, the preferred 
lubrication at one time was grease. 

With the advent of interurban trolley roads came greater 
speeds, giving rise to many more car-miles per day, апа com- 
plaints arose of short life of bearings, injury to armatures, etc. 
The methods of lubrication underwent many changes, but are 
now well established as wool-waste and oil; no doubt a good 
solution of a difficult and 1mportant problem. 

4. During this period of development, the armature was 
changed from a smooth to a slotted core, and much thought was 
given to the size of commutator, number of segments, turns per 
coll, etc., in the effort to produce successful operation of the 
commutator. 

With all forms of copper brushes there was most destructive 
sparking and enormous local currents in coils short-circuited by 
the brush during commutation. 

The carbon brush was tried and found to be the greatest im- 
provement yet discovered in producing successful commutation. 
The greater contact resistance decreased the local currents to 
reasonable values, yet the energy lost bv the greater contact 
resistance 1n the main circuit was small. The carbon brush thus 
opened up possibilities 1n design not before thought of. ` 

The inductance of coils was reduced by placing two in one 
slot instead of one, thus saving insulation and reducing the 
diameter of the armature. Later came the three coils per slot 
armature, this being the standard for many motors to-day. | 

As motors had to be built to fill a restricted space, not only for 
large power and small diameters, but with good commutation at 
higher potentials, it gave rise to the four and five coils per slot 
armature. Many coils per slot necessarily increased the slot- 
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width, and this in time called for a laminated-field pole structure 
in order to limit eddy-current losses. In the meantime the 
operator was demanding higher potentials, more work from the 
motors, and better commutation, and the commutation had not 
kept pace with other developments, in fact, was becoming more 
troublesome as compared with other difficulties, largely on ac- 
count of higher operating potentials. Some means had thus to 
be adopted for radically improving commutation, and the follow- 
ing pages deal more particularly with this subject. 
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Armature forces. The armature in its simplest conception is 
a drum, divided into four sections for four poles; under a north 
pole is a broad distributed sheet of current running parallel to the 
shaft; under a south pole is also a broad distributed sheet of 
current, but in reverse direction. 

This distributed armature current produces a magnetizing 
force which changes the distribution of the main flux in the 
pole-faces, as shown in Fig. 2. It will be seen that in the 
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center of the pole there 15 no distributing effect, but in the center 
between poles there is the maximum magnetizing effect from 
the armature. This is where the conductors are commutated 
by the brush and the direction of the current reversed in passing 
from the zone of one pole to the zone of the next. 

The magnetizing effect of the armature, being a maximum 


Excitation 
Man Pole 


— -9 


midway between poles, produces a flux through the air-space to 
the frame. The conductors in motion cut this flux, producing 
a voltage in the coil to be commutated. ° 

The combined result of armature and field magnetizing effect 
is to cause a flux to leak from the pole-tip over into the arma- 
ture just where the conductors are being commutated. 
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The two leakage fluxes are alike and add to produce voltage 
in the coil which is being commutated. Thus there is a potential 
between commutator-bars, and when these are short-circuited 
bv the brush a local current is caused to flow in the coil under 
commutation. This local current adds to the line current 
already there. Anv conductor carrving current has lines of 
force interlinked about itself caused by the current in the 
conductor. The conductors, imbedded in and surrounded on 
three sides by iron, have a good opportunity of surrounding 
themselves with a lot of leakage flux. The interlinkage of leak- 
age flux 1s similar to the inertia in mechanics. 

The combined current (line and local) has still greater inter- 
linkage of leakage lines and becomes more difficult to reverse. 
The reversing has been done heretofore by the increasing re- 
sistance of contact between the brush and the commutator-bar 
as the latter is passing out under the brush, the rate of change 
of current ever increasing. This causes the reactance or kick- 
ing voltage to become higher and higher. As the bar leaves 
the brush, the change in current in the coil becomes so rapid 
that an appreciable voltage 1s induced and arcs through the air 
from the bar to the brush, or vice versa, thus producing what 
is commonly known as sparking. 

The okject is, then, to remove the sparking by counteracting 
one, or all, of its causes. Should we place midway between 
the main poles another coil, having the same magnetizing power 
as the armature, but so connected as to magnetize in the re- 
verse direction to the armature, there would be nothing to 
cause a leakage flux from the armature to the frame. Then, 
again, should we further excite this coil so as to overcome and 
balance the combined effect of armature and field forces, com- 
monly known as distortion and leakage of the main flux from 
the pole-tip, we would annul this troublesome cause of sparking. 
Aiter the above two effects are taken care of, there remains 
a torce necessary to produce a potential sufficient to reverse 
the current in the armature coil. 

In order to produce this potential there must be such a 
density of flux as will generate this required voltage by the 
conductors cutting the flux in revolving. The width of such 
magnetic density should be sufficient to embrace the conductors 
commutated Ьу the brush when running in either direction of 
rotation. 

The commutating voltage produced bv the flux of the com- 
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mutating pole is the accelerating force required to change the 
direction of current in the armature coils one by one as they 
come under the brush. It must be sufficient to accomplish 
this in the time that the coil, being connected to two adjacent 
commutator-bars, is under the brush. When the commutator- 
bar leaves the brush, the current is already reversed, flowing 
in proper direction, and is of the proper amount, so there is no 
tendency to spark. Commutation may then be said to be 
perfect. 

As stated before, an armature coil imbedded in iron is sur- 
rounded by a leakage flux, which is caused by the current in 
the coil, and may be said to have magnetic inertia or momen- 
tum. This is similar in mechanics to a revolving shaft bearing 
a mounted flywheel. The voltage induced in the coil by the 
flux from the commutating pole may be likened to a constant 
counter torque; this counter torque serving to slow down the 
revolutions, stop, and cause an increase in speed in the opposite 
direction. 

It is evident that there may be a particular armature current, 
speed of motor, and flux from commutating pole wherein the 
above described conditions will obtain. It will also be appre- 
ciated that the voltage induced by the commutating-pole flux 
will vary directly as the speed; furthermore, the time that the 
coil is under the brush is shorter as the speed 15 hither, and 
vice versa; also that the time required to reverse a current 1s 
inversely as the voltage. The conclusion is that the action is 
entirely automatic throughout the entire range of speed with 
the particular condition of current and commutating-pole 
density. 

The next question 1s: can the action be automatic for varving 
current as well aS speed? ‘The commutating pole may be 
excited by the main current of the motor, being connected 
permanently in series with the armature. The commutating- 
pole flux will then vary almost directly as the current, which 
is the desired result. When the current is half, the commu- 
tating-pole flux is half, and the commutating voltage corre- 
sponding thereto. Thus the action is entirely automatic for 
variation in current or speed, or both. 

Fig. 3 shows that the relation. between commutating-pole 
density and current should be a straight line, rising and falling 
directly with the current. 

It is well understood that an absolutely straight line be- 
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tween current and density cannot be obtained when a more or 
less saturated iron circuit carries the flux, but it can be ap- 
proached sufficiently close for all practical purposes by careful 
design and experience in these matters. In a series motor the 
density of the whole iron circuit increases as the load comes 
on, and there is an increasing stability in commutation which 
serves to offset, partly, if not entirely, the lack of commutating- 
pole density on a heavy load. The combined effect is to produce 
perfect commutation at all loads. | 

Since the commutation is automatically taken cate of for 
variations in speed and current, it is possible to change the 
voltage impressed on the motor through quite a range without 
sparking. This is thoroughly borne out by motors of 50 to 250 
h.p., recently constructed in this country. 


Flur or Density 
Cormmutatirg Pole 


Current 


The only limitations in raising the voltage are: 


1. Armature speed and strength of binding wire. ° 
2. Volts between bars. 
3. Insulation. 


This brings us naturally to the question: what effect will 
this commutating pole have on designs for voltages higher 
than are now general for railway service? 

Railway-motor commutators before being connected to.the 
armature winding are tested from bar to bar with 400 to 500 
volts, alternating current, which means a maximum of 40% 
more, so that actual jumping of current from bar to bar on a 
clean commutator would not occur at less than 500 volts per 
segment. An ordinary commutator of 111 segments and four 
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poles would, under these conditions, be good for 13,000 volts 
between brushes. The actual jumping of current across side 
micas of a clean commutator ís not the limiting condition. 

The limiting condition is the voltage per bar which will main- 
tain an arc already established. The allowable voltage per 
segment is largely dependent upon the condition of the com- 
mutator. The condition of the commutator depends upon the 
deteriorating tendencies, such as sparking and other causes, 
like poor carbon brushes, hard side micas, etc. 

If the sparking is eliminated, the etching of the commutator- 
bars is largely reduced. The carbon brushes are required to 
carry only the line current, instead of the line and a large amount 
of local current; therefore the brushes are not disintegrated so 
rapidly. The carbon brush has less mica to wear off, because 
the bars are nót burned away. The result is that the carbon 
brushes work better, and the commutator stays 1n a very much 
better condition. The conclusion from the above is that much 
higher average volts per segment mav be used with commutating- 
pole motors than with motors not having commutating 
poles. 

The usual non-commutating pole railway motor, 40 to 50 h.p., 
has a commutator about 9.5 in. in diameter, with 111 to 125 
segments. The average potential between segments is approxi- 
mately 1% volts. Large motors, operating on 650 volts normal, 
have 155 to 165 segments, and the average potential between 
segments is approximatelv 17 volts. If the average volts 
between segments on commutating-pole motors be assumed 
as 24, and the number’ of commutator bars per inch of cir- 
cumference as 5, we have the following possible voltages on 
various sizes of motors and commutator diameters. 


Horse Diameter of Maximum 
power commutator volts motor 
| 9 850 
o —— ——— Hán 11 1040 
ОО bte a o алкалы CERE E 13 1230 
| ЖОЛУ iig eCins Ree edem ws 14.5 1370 
А ТОРРЕС des 16 1510 
OU cue овла мн Я 18 1700 


The above mav be said to applv only as far as tendencies are 
concerned. Not all these various voltages would be practical. 
It would be better, for various reasons, to adopt 1200 volts as 
the higher standard. 

The propositions requiring higher potential than 600 volts, 
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are usuallv 30- to 50-ton cars with speeds of 40 to 60 miles per hr. 
These call for a motor of 75 h.p. or larger, so the sizes naturally 
fall where 1200 volts can be made with reasonable cost. 

The commutating-pole motor, on 600 volts, makes possible 
commutation and general operation in service many times better 
than that of the non-commutating pole motor. Оп 1200 volts, 
the commutation is decidely better than with a non-commutat- 
ing pole type motor on 600 volts. 

The 1200-volt motor requires proportionally more insulation 
than the present 600-volt motor. This extra insulation re- 
quires more diameter and more external dimension. 


Theoretical possibilities of voltage. We have the possibility 
of 1200 volts per motor, the motor having four poles. Should 
the motor be bipolar and.the speeds high. enough.to make the 
design possible, we may have 2500 volts per motor. Then 
again, if there should be two windings on one core, a commutator 
on each, and these windings connected in series, we have the possi- 
bilitv of a 5000-volt motor. Then again, should we have a 
double-track railway and the rail neutral, we might have 10,000 
volts direct current between the two trolley wires. | 

It will be appreciated that more voltage means more insula- 
tion, more space, and more cost. It will also be seen that the 
control, car lighting, and operation of auxiliary apparatus 
require special consideration. | 


Service capacity. The non-commutating pole motor has in- 
herentlv a higher iron densitv, which serves as a compensating 
feature, improving commutation. The commutator-pole com- 
pensates for armature reaction and takes care of troubles due 
to lack of compensating features; a lower iron density may there- 
fore be utilized and lower iron losses obtained. 

The absence of sparking makes the commutating losses verv 
much less. The rating on the hourly basis тау not be much 
greater than with the non-commutating pole motor. Onaccount 
of core-loss and commutator loss being considerably less, andthese 
prominent features in heating, the commutating-pole motor has 
naturally a higher continuous rating; it is not onlv capable of 
taking large fluctuations of voltage and current, but will have a 
greater all-day service capacity. This latter feature becomes 
more pronounced as the distance between stops is greater. 

There are several ways of making use of higher direct-current 
potentials. The most prominent of these are the following: 
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]. a. City service, 600-volt trolley. 
Maximum speed 25 to 30 miles per hr. 
Stops and schedules incident to city service. 


b. Interurban service, 1200-volt trolley. 
Maximum speed 50 to 60 miles per hr. 
Few stops and high schedules. 


The motors would be wound and insulated for 1200 volts. 

Two motors would be connected in multiple, and the two 
groups of a four-motor equipment handled in series and in 
parallel. 


2. a. City service, 600-volt trolley. 
Maximum speed 25 to 30 miles per hr. 
Stops and schedules incident to citv service. 


b. Suburban service, 600-volt trolley, 
Maximum speed of 30 to 60 miles per hr. 
Stops and schedules incident to suburban business. 


c. Interurban service, 1200-volt trollev, 
Maximum speed 50 to 60 miles per hr. 
Few stops and high schedule speed. 


The motors would be wound for 600 volts with a relativelv low 
armature speed and insulated for 1200 volts. 

On a 600-volt trolley two motors are connected in multiple. 
and the two groups handled in series and parallel. 

On a 1200-volt trolley, two motors are connected in series, 
and the two groups of four-motor equipment handled in series 
and parallel. 

The armature speed and commutating features should be 
so designed that 1f one wheel slips and one motor has 1200 volts 
or so across its terminal, its armature speed will be reasonable 
and the commutation good. 

Interurban cars with four axles and four motors usually 
accelerate at 1 to 1.5 miles per hr. per sec.; this requires about 
100 to 150 Ib. per ton, which is 5 to 7.5% coefficient of traction. 
These are low coethcient values for interurban roads and are 
seldom met with; however, should slipping occur, the motor 
design should be such that no damage to equipment will result. 
In the city a dirty street may give a low condition of trac- 
tion, but under these conditions, the motors may be used in 
multiple or operated as апу four-motor equipment is now 
operated. 
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ADVANTAGES OF COMMUTATING-POLE RAILWAY MOTORS AS 
COMPARED WITH NON-COMMUTATING POLE ТҮРЕ 


1. Sparkless commutation even on heavy overloads. 

2. Flashing at commutator largely reduced and probably 
eliminated. 

3. Less wear on commutator. 

4. Cleaner and safer motor because of reduced carbon and 
copper dust from brushes and commutator. 

5. Marked reduction in heating of commutator. 

6. Greater current density in brushes. 

7. Increased life of brushes. 

8. Increased efficiency and free running capacity because of 
lower core and commutator losses. 

9. Possibility of successfully using higher voltages. 

10. Greater facility in design of large motors, especially as 
regards commutation. 

11. Possibility of increasing service capacity of motors by 
blowing. 


A paper presented at the 24th Annual Convention 
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TRACK-CIRCUIT SIGNALING ON ELECTRIFIED ROADS. 


BY L. FREDERIC HOWARD 


Railroads signals may be divided into three general classes 
according to their functions: (a) Those which confer rights on 
trains, or restrict their rights, known as train-order signals; 
(b) Those which designate the route a train is to take, and insure 
the safe condition of all switches and opposing signals on such 
route, known as interlocking signals: (c) Those which are used 
primarily for properly spacing trains. known as block signals. 

Originally the operation and control of all these classes was 
wholly manual. Owing to the fallibility of the human agencv, 
however, and also on account of the greater scope of protection 
to be secured, means were graduallv devised to take from the 
operator under certain conditions the power to clear signals, 
while permitting him at all times to restore them to, and retain 
them in, the stop position. In some cases the signals were 
taken from his control altogether and made automatic. Means 
were also ` devised to prevent the operation of any switch 
while a train was approaching or passing over it. 

It will therefore be seen that there are three distinct tvpes 
of signals according to method of control; namely, the manual 
or non-automatic, the controlled manual or semi-automatic, 
and the purely automatic. Train-order signals are of the first 
type, interlocking signals of the first and second tvpes, while 
block signals are of all three tvpes. 

The track circuit is by far the best expedient for effecting the 
control of the signal operator, and the power-operated block 
sgnal. It is used largely 1n connection with the latter; and as 
a means for dispensing wholly with the human agencv. and pro- 
viding the safest and most practicable method of automatic 
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control will, for some time to come, remain theessential part of 
the automatic signal system. 

Bevond the track circuit are the various signals, switches, and 
other appliances, operated mechanically or by pneumatic or 
electric motors of various types. These are the parts used by 
the signal engineer in his art of increasing the capacitv of a 
road for the safe handling of traffic over the miles of main line, 
and for safely accomplishing the maximum number of train 
movements in the least possible time, with the least cost for 
maintenance and operation in complicated yards and terminals. 

The track circuit being the factor upon which the signal 
engineer primarily depends for the automatic control of his 
apparatus, the use of the rails on electrically operated roads as 
common conductors for both signal and propulsion currents 
has brought to the front new conditions and new apparatus in 
connection with the track circuit, with which it is advisable that 
the electrical engineer should become acquainted. In this paper 
I shall try to trace the development of track-circuit apparatus 
which has taken place in less than a decade, and give some 
idea of the relations existing between the track-circuit svstem 
and the propulsion system on electrified roads. 

The track circuit, as it exists in its simplest form on steam 
roads, is shown in Fig. 1, except that the gravity cell is generally 
the source of electric energy. The storage-battery is rapidly 
coming into use for this service, however, and is shown in Fig. 1, 
better to illustrate the relations of the elements constituting the 
track circuit. These elements are: a source of electromotive 
force; а series resistance (comprised in the battery itself when the 
gravity cell is used); the rails forming the conductors, and in- 
sulated from the adjacent rails at the ends of the section, and in 
multiple across the rails the resistances of the relay, ballast, and 
ties. When the track section is occupied, there is another re- 
sistance in multiple with the foregoing; 2.е., that of the wheels 
and axles of the train. 

Through the contacts of the relay are passed the circuits 
which control the apparatus governing admission to the section ; 
as, for instance, the semaphore signal shown in the figure. 

For convenience, the reciprocal of the resistances, or the 
conductances, of the ballast, ties, wheels, and axles will be used 
in much of what follows. 

The circuit shown in Fig. 1 differs from those with which the 
electrical engineer ordinarily has to deal, in that it is operated 
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by shunting, instead of disconnecting, the source of electric 
energy. This makes necessary the consideration of the relation 
of the operating shunt to the other elements of the circuit. 

The “ ballast conductance " (which is considered as including 
the conductance of the ties) is a variable, and for any given 
section its value depends upon the weather. 

Suppose that the voltage across the terminals of the relay at 
which its contacts close is practically the same as that at which 
they open; or, as the signalman would say, that the '' pickup 
point ” is the same as the “ shunting point”. This supposition 
corresponds closely with the facts in the case of alternating- 
current relays, where motion may be considered as due to the 
reaction between currents, but is not true of the ordinary 
attracted armature direct-current relay where the shunting 
point is approximately one-half the pickup point. Suppose 
further that when the ballast conductance is at its highest 
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value, as during wet weather, the track circuit is so adjusted 
that the relay just picks up. It is evident that when the ballast 
conductance has diminished, because of the moisture drying out 
or freezing, a conductance equal to the change in the value of 
the ballast conductance must be added between the rails in order 
to cause the relay to shunt. 

If the contacts of the relay must be open when a single car is 
in the track section, the reciprocal of this change of conductance 
determines the resistance from rail to rail allowable in the wheels 
and axles of the single car. This, in turn, determines the 
length of section which can be operated, as the change in 
ballast conductance due to weather conditions varies directly 
with the length of section. In practice the limit of power 
available for supplying the track circuit is usually reached 
before the shunting limit, as the length of the section increases. 

In considering the source of electrical supply for the track 
circuit, and its series resistance or equivalent, it should be noted 
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that the higher the voltage of the source, the higher the value of 
the series resistance necessary, and consequently the greater 
percentage variation in voltage across the relay with a given 
change of conductance between rails. The higher voltage 
means, then, a greater factor of safety as regards any variations 
in the shunting point of the relay, but also subjects the relay 
to wider variations of voltage.* 

About eight years ago the Boston Elevated Railway Company 
had its new elevated lines nearly ready for operation and wanted 
them protected by a track-circuit automatic block signal system. 
The motive power was to be direct current at 550 volts and with 
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ground return. One rail at least was to be continuous; that is- 
not divided into sections bv insulated joints. Here, then, was 
a new condition of affairs with one of the rails of the signal 
circuit traversed by a foreign current of comparatively enormous 
volume. 

Fig. 2 shows at once the difficulty which the signal engineer 
encountered. The power generator is represented bv the con- 
ventional symbol. V represents a voltmeter which as connected 

*This subject of track circuits was taken up by Mr. Н. G. Brown in 


a paper read before the Institution of Electrical Engineers, last 
December. 
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will measure the drop of potential due to the flow of return 
propulsion current over the continuous rail. Now with a 
train at the far end of the block from the relay, the latter has 
the same potential across its terminals as that measured by the 
voltmeter, for lead a connects one side at the same point as 
the positive lead of the meter, and lead b, the insulated rail, 
the wheels and axles connect the other side to the same point as 
the negative lead of the meter. Whether or not an ordinary 
electromagnet type of relay will close its contacts under these 
conditions depends on whether or not the voltage at which it is 
adjusted to operate is greater than the drop of potential caused 
bv the return of power current over the length of rail measured 
by the length of block. In the case of the Boston Elevated the- 
maximum drop which could occur over the return rail was. 
limited, owing to the facts that the blocks were short and 
the return rail was bonded at close intervals to a structure hav- 
ing a copper equivalent of 14.000.000 cir. mils, from which the 
return current was taken to three power stations suitably spaced. 
These conditions made it permissible to use a relay whose 
voltage adjustment took care of any return drop which might 
occur, no alternating-current signal apparatus having been 
developed at that time. 

In addition to the armature which еве the steam- 
road direct-current relav, the one designed to meet the conditions. 
on the Boston Elevated had a polarized feature, which would 
prevent the relay from closing its contacts in case a car failed 
to obtain a good ground on the return rail and grounded through 
the relay. Оп account of this feature the relay had two. 
separate and distinct sets of magnets as shown in Fig. 3. 
The stationary set, 55, is connected across the rails; the swing- 
ing set, P, 15 connected to the main leading to the negative 
pole of the signal generator, the positive pole of which is 
grounded. This generator replaced the batteries used on the 
steam road. 

Supposing the relay to have de-energized, the sequence of 
operations in closing the relav contacts 1s as follows: the signal 
current coming from the positive pole of the generator, via the 
return rail, passes through the stationary coils to the block rail; 
thence through the latter via the resistance to the negative: 
signal main. This picks up the armature which closes the 
left-hand contact and completes the circuit through the swinging 
cols. The polarity of the latter being fixed, they will swing to. 
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the right, if conditions are normal, bending the phosphor-bronze 
strip to which they are rigidly attached. This closes the cir- 
cuit to the local control mechanism through the upper right-hand 
contact. 

If the propulsion current from the car motors fails to obtain a 
ground on the return rail but flows through the stationary coils 
of the relay, their polarity will be reversed on account of the 
propulsion current flowing in the opposite direction to the 
signal current. This will cause the swinging coils, whose 
polarity remains fixed, to move to the left and open the nght- 
hand control contact. 


RD RAIL. 


CIRCUITS CONTROLLING A BLOOK. 


GOSTON ELEVATED RY. 


Fic. 3 


This Boston Elevated signal system comprises some 90 odd 
track circuits and 170 blades, including interlocked signals, 
and about 60 switches, the latter being distributed among five 
electropneumatic towers and two mechanical towers. 

The next electric road to be equipped with signals was the North 
Shore Railroad near San Francisco. Оп this road several of the 
blocks were to be over 4000 ft. long. and there was to be a maxi- 
mum of 8 trains of 4 motor cars each, taking about 1600 amperes 
per train at starting. The power station was to be in the middle. 
In this case there was no elevated structure of 14,000,000 cir. 
mils capacity to take care of the return drop of the power current, 
so the first alternating-current track circuit was installed. 
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The system used was what is termed the alternating-current 
single-rail return, and is shown in Fig. 4. The direct-current 
generator of the Boston Elevated is replaced by an alternating- 
current generator or transformer, stepping down from pro- 
pulsion power mains to a suitable voltage for transmission of 
current over the two signal mains. Instead of supplying the 
track circuits directly from the signal mains through a resistance, 
а step-down transformer is used with a resistance in its secondary. 

At the other end of the track section is an alternating-current 
relay, of the type shown in Fig. 5. It consists of a C-shaped 
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laminated core carrying a winding connected across the rails. 
. One half of each pole-piece of the core is enclosed by a copper 

ferule. Between the faces of the poles is a sector of aluminum 
rotating on a shaft at right angles to its own plane.. The shifting 
magnetic fluxes in the pole-pieces cause the rotation of the vane 
according to the well-known Ferraris principle, when sufficient 
alternating current passes through the winding to overcome 
the counterweight on the aluminum sector. The shaft carries 
the contacts. This relay, of course, is immune to direct cur- 
rent so far as the operation of its contacts goes. To limit 
the direct current passing through it to an amount below that 
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which would dangerously heat it, or saturate the iron, the relay 
is shunted by an impedance coil, and a resistance is also 1п- 
serted in one end of the leads. Going back to the other end ot 
the track section, it is seen that the resistance in the secondary 
leads of the transformer is assisting to prevent the flow of direct 
current through the secondary winding of the transformer, in 
addition to its other functions in connection with the adjustment 
of the track circuit. 

The track transformer and the impedance coil across the relay 
terminals are furthermore made with open magnetic circuits to 
keep down the density of magnetization caused bv the flow of 


pa 


direct current. due to drop of potential over the continuous rail’ 
spoken of in connection with Fig. 2. 

On this particular installation about 10 miles of double track, 
and two-thirds of a mile of single track through a tunnel, were 
equipped with signals. The signal mains extend the length of the 
road and carry 60-cycle current at 2300 volts. Thev are sup- 
phed from the step-down transformers at the power house. 
One of the track sections is over a mile long. 

The description of the foregoing svstem applies equally well to 
the system installed in the New York Subway. so far as the 
alternating-current track circuit 1s concerned. 

The greater volume of direct current to be taken care of in the 
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latter system was offset by the number of tracks, the steel 
framework of walls and roof, the close spacing of the sub- 
stations, and the shorter blocks. The signal mains are sup- 
plied with 60-cycle, 500-volt current by transformers located 
in the sub-stations, and stepping down from the high-voltage 
lighting mains. In emergency, 25 cycles stepped down from 
the propulsion circuits is used. 

The New York Subway system comprises some 500 track cir- 
cuits, 700 signals, and 230 switches, and has a record of one 
failure of apparatus to 3,359,167 movements, with no false 
safety indications in more than two years. The installation 
of a system using practically the same kind of apparatus has 
recently been completed on the Philadelphia Rapid Transit 
Company's new subway and elevated lines. 
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All the foregoing systems necessitated installing additional 
return conductors for the power current to compensate for the 
rail given up to the signal system, except where an elevated 
structure was available. The possibility of the use of a track 
circuit in which both rails should be used in common for signal 
and propulsion currents had been contemplated before this 
time. Local conditions on the Boston Elevated, the North 
Shore, and the New York Subway had made the single-rail svs- 
tem acceptable, however, and this led to deferring the develop- 
ment of the two-rail system shown in Fig. 6. 

A path for the propulsion current around the insulating 
joints is provided for in the two-rail system in the form of the 
impedance bonds indicated in the figure. It is apparent 
that as the propulsion current divides so that each part passes 
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around the iron core of the bond in opposite directions, its 
magnetizing effect on the core is zero, so long as the current di- 
vides evenly. On the other hand, the full impedance of the bond 
is offered to the signal current in preventing its passage from 
rail to rail. 
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Fig. 7 is a view of the bond out of its case. It consists of a | 
shell-tvpe core and heavv strap copper winding. The effect of 
unbalanced direct current is provided for, up to limits well 
bevond those met on properly bonded tracks, by using an open 
magnetic circult and working the iron so far down on the satura- 
tion curve that the impedance of the bond actually rises with a 
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small amount of unbalancing. These bonds may be installed 
between the rails of a track, as shown in Fig. 8, or just to one side. 

The track transformers for this system are designed to have 
excessive magnetic leakage, and consequently a rapidly falling 
secondary characteristic, thus dispensing with the series resist- 
ance used with the battery or generator of the direct-current 
track circuit, or transformer of the single-rail, alternating-current 
track circuit. 
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Again the Boston Elevated was the scene of the installation 
of a new system, about 14 blocks of this type being installed 
during the winter of 1904-5, in the tunnel under the harbor, 
between Boston and East Boston. 

The next installation of the double-rail return was on the 
electrified lines of the Long Island Railroad. The requirements 
here were 1100 amperes of return propulsion current per rail, 
and 800 amperes unbalancing. The track transformers and 
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relavs were grouped as shown in Fig. 9, instead of being placed 
at opposite ends of the blocks. 2200-volt mains carrying 25- 
cycle current supplv a commercial 2200 to 55-volt transformer 
at each group of track transformers. 

About 140 track circuits were installed and 19 miles of double- 
track road and 4.5 miles of four-track road were equipped with 
signals. 

Last fall a third installation of the double-rail svstem was 
completed; namelv, that on the West Jersev and Seashore 
Railroad. The sub-stations were to have a maximum ultimate 
capacitv of 7000 amperes each, which, if distributed equallv 
over the four rails, would mean 1750 amperes per rail. 

The blocks were about 4000 ft. long and the innovation was 
introduced of placing the track transformer at the middle of the 
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block (Fig. 10) with the relav at one end and a small step-up 
transformer at the other. The relay is really a motor with the 
armature rotating through about 45 degrees. The field winding 
is connected to the near end of the block, and the armature to 
the secondary of the small step-up transformer at the far end. 

At each sub-station on the section equipped, a transformer 
between one leg of the power mains and the ground steps down 
to 1100 volts for the signal mains, which are carried on the poles 
below the power mains. 

The signal svstem being installed in the electrified zone of the 
New York Central and Hudson River Railroad is also a two-rail 
system, using inductive bonds connected as in the systems 
described. but the relav 15 a two-phase induction motor with one 
phase fed from the track circuit. and the other from the signal 
mains, the difference in phase being obtained by the proper 
combination of the elements of the two circuits. 
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Having thus briefly described the different track circuit sys- 
tems in operation on electrified roads, it is of interest to recall 
the discussion given in the earlier part of the paper of the 
simpler form in use on the steam roads, and then consider the 
changes made in some of the elements of the track circuit by 
the use of the double-rail return system. The latter system is 
chosen for discussion, as it constitutes the latest and most 
radical departure from the simpler form. 

By the use of an alternating signaling current, we have an 
increase in the apparent resistance of the rails, due partly to 
skin effect and partly to magnetic induction. ,This increase is 
of course a function of the frequencv. 
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We have also introduced an artificial apparent conductance 
between the rails in the inductive bonds, and they, together with 
the relavs, introduce another inductive component. 

The increase in the apparent resistance of the rails means, of 
course, higher voltage at the source of supply for the track cir- 
cuit, and consequently more power. On account of the higher 
impedance of the rails and the consequently higher voltage re- 
quired at the source of the supply of the track circuit, other 
things being equal, a given shunt applied to the rails at the relay 
will produce a larger percentage change of voltage across the 
terminals of the relay. 
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On the other hand, where relays with a single winding are used, 
and there 1s leakage around an insulation joint from an adjacent 
block, a train at a given distance beyond the relay has less shunt- 
ing effect on the relay, and there is greater danger of getting a 
clear signal with a train in the block, than with the direct-current 
track circuit. 

This may be seen more clearlv bv an inspection of Fig. 11. 
The insulating joint, A, is defective, and current from the section 
on the right, flowing as indicated by the arrows, will tend to 
make relay К close its contacts. The resistance of the rails 
between the shunt, S, and relay, R, diminishes the effectiveness 
of the shunt as the effective resistance of the rails increases. 

This danger may be diminished in various ways, among which 
are adjustment of the voltage of the source of current supply to 
the track circuit, so that to the relay is given just enough energy 
to operate satisfactorily under the worst weather conditions; 
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by arrangement of the track circuit apparatus, Fig. 9; and by 
the use of two element relavs, Fig. 10, with the rails of adjacent 
blocks of opposite polarity. 

When two-element relavs are used, they should be as free as 
possible from any tendency to close the contacts because of 
repulsion or induction motor effects, caused by normal or acci- 
dental short-circuiting. In some forms of frequency relays the 
effects of open circuits must also be guarded against. 

The introduction of artificial apparent conductance between 
the rails bv the use of inductive bonds also has 115 advantages 
and disadvantages. Principal among the advantages is the 
smaller percentage change in voltage across the relay due to 
changes in ballast conductance with varving weather conditions. 
For the same reasons the shunt produced by the train causes 
less percentage change in voltage across the relay. 

These two effects may be taken advantage of in the design of 
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the transformer supplying the track, by making its secondary 
characteristic with a steeper gradient than where the bonds are 
not used. The greater the apparent conductance of the bond, 
the steeper should be the gradient. 

The principal disadvantage arising from the introduction of 
the apparent conductance of the bonds between rails is the extra 
amount of current taken and the consequent drop in voltage 
between the track transformer and the relay, with the re- 
sultant increase in leakage through the ballast. 

It is at this point that the electrical engineer laying out the 
power system for a road which is to use direct-current pro- 
pulsion should realize that the higher the efficiency of his 
return system the cheaper will be the signal system, both in 
first cost and operation; and when the signal engineer of the road 
who is making up specifications for the signal manufacturers to 
bid on comes to the electrical engineer for information as to 
how much current per rail the bonds must carry continuously, 
and how much unbalancing they must withstand without causing 
the signal to go to danger, the electrical engineer must not 
state an amount which would give 40% loss in the rails, and in 
addition state that the inductive bonds must withstand 50% 
unbalancing. The larger the current to be carried by the 
bond, the greater the first cost of the copper. 

The larger the amount of unbalancing the bond must with- 
stand, the larger must be the capacity of the track transformers, 
the signal mains, and the generating apparatus, and the larger 
the amount of power to be supplied for the track circuits. 

The greater amount of signal current to be supplied to the 
track circuit because of greater unbalancing capacity in the 
bonds is due to the fact that this unbalancing capacity is ob- 
tained by widening the air-gap in the magnetic circuit of the 
bond. This of course increases its apparent conductance and 
the current demands on the track transformers. 

With roads using alternating-current propulsion, this unbalanc- 
ing becomes of minor importance; first, because the return pro- 
pulsion current is so much smaller; secondly, because the propul- 
sion current being alternating, the actual resistance of the rail 
has a small ratio to the apparent resistance, and a compara- 
tively large difference in the actual ohmic resistance of the two 
rails of a track may exist without making any great change in 
the propulsion current values in the two rails. 

The inductive bonds for roads using alternating current for 
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propulsion can therefore be made without an air-gap, and the 
only effect of unbalancing is to produce a voltage across the 
terminals of the relay of the same frequencv as the propulsion 
current. This voltage being small with any reasonable amount 
of unbalancing, it may be taken care of in the frequency relay. 

This frequency relay is so constructed that the presence of a 
voltage across its terminals of the same frequency as that of the 
propulsion current will not close the relay contacts, the presence 
of a higher frequency signaling current being necessary to 
accomplish this result. 

The difference in unbalancing effect on roads using direct- 
current propulsion from that on roads using alternating-current 
propulsion, together with the higher frequency signaling 
current, made necessary when alternating-current propulsion 
current is used in order to operate the frequency relay, con- 
stitutes the principal differences in the relations between the 
elements of the track circuit as used on the two systems; so that 
what has been written of the double-rail track circuit on the 
direct-current road apphes equally well, with the exceptions 
noted, to the same system on the alternating-current road. 
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DiscussioN ON ‘‘SOME Facts AND PROBLEMS BEARING ON 
ELEcTRIC TRUNK-LINE OPERATION," AT NEw YORK, 
Mav 21, 1907. 


W. J. Wilgus: There are so many points on which I fully 
agree with Mr. Sprague that it is perhaps well at the outset to 
dwell on one matter where we appear to disagree, and that is the 
relation of those engaged in the conducting of trunk-line railroad 
operation to the electrical engineering profession which is now 
gazing with hungry eyes on that enticing field of new endeavor— 
the electrification of trunk-line railroads. Without intending 
to indulge in the sarcasm and pessimism ascribed to our friend, 
the editor of the Railroad Gazette, I do believe with him that 
the cause of electrical engineering would be much more rapidly 
advanced if an effort could be made to bring the steam railroad 
official more closely in touch with the practical side of the 
application of electricity to the art of transportation. It is 
true that in the past the majority of steam railroad men have 
rather looked upon electric railroads as beneath their 
notice, but recent important developments in the change of 
motive power on some of the more prominent railroads of the 
country have dispelled this idea; and I feel certain that all steam 
railroad officials are now looking upon the future possibilities 
of the electrification of steam railroad traffic with keen interest 
and. with a full appreciation of the magnitude and dignity of 
the problem. 

Unfortunately thev have so far felt barred from an intimate 
study of the subject because of the befogging of their minds by 
heated claims and counterclaims of the merits and demerits of 
various electric systems, coupled with the use of technical 
phrases with which they are entirely unacquainted. After all, 
the main features of the electrification of steam railroads are 
understandable to steam railroad men if technicalities can be 
avoided and the essentials described in ordinary homely language 
that can be grasped by the men not versed in the technique of 
electrical engineering. I therefore venture the suggestion that 
in general discussions intended for the enlightenment of the non- 
technical steam railroad men, the subject be treated as broadly 
as possible, with an absence of partizanship and with the use of 
plain non-technical terms. Furthermore, I believe that it 
would be conducive to the best interests of the electrical engi- 
neering profession to attract practical steam railroad men to a 
discussion of papers bearing on the electrification of trunk-line 
railroads so as to secure an interchange of views. 

With respect to the conditions that will justify the use of 
electricity as a motive power in trunk-line operation, I believe 
that evolution will govern rather than revolution. In other 
words, there will be no sudden general substitution of electricity 
for steam as a motive power, апу more than there was as a 
sudden jump from the small locomotive of the DeWitt Clinton 
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type to the Mallet compound of to-day. Railroads, like all 
other human achievements, cannot stand still; they must either 
move forward or backward. It is generally recognized that 
their ability to move forward 1s now limited with steam locomo- 
tive practice, and that the overcoming of the defects inherent to 
the steam locomotive can only be accomplished by the use of 
electricity. It now looks as if the-first movement in this process 
of evolution is the substitution of electricitv for steam in con- 
gested passenger terminals at large centers of population where 
the public demands a cessation of nuisances incident to steam 
locomotives, and where the increasing volume of traffic requires 
increased capacity that cannot be obtained with the present motive 
power. The success of the New York Central installation in 
both of these particulars is an illustration of what can be accom- 
plished, and imitation will surely ensue at other places where 
like conditions exist. Coincident with the change of motive 
power in crowded passenger terminals, is coming the use of elec- 
trically propelled trains on existing steam-railroad tracks be- 
tween large centers of population where frequent units are neces- 
sary to accommodate the public. We already have an instance 
of this in the electrification of the West Shore passenger trathe 
between Utica and Syracuse, a distance of about 50 miles. In 
addition to these instances, where at this time the wisdom of the 
adoption of electricity as a substitute for steam 1s selt-evident, 
there are a number of places in the West where the capacity of 
steam locomotives of the highest type is entirely inadequate to 
handle freight traffic on the pusher grades, and the only manner 
in which the increased capacity can be obtained is by means 
of electricity. With a start in the substitution of electricity 
for steam in the operation of congested terminals, connecting 
lines between large centers of population, and long pusher grades 
with heavy freight trathc, we may look with confidence to a 
gradual expansion of the use of the new motive power in other 
directions. For example, in the case of the New York Central 
the primary object of the use of electricity was to abate the smoke 
nuisance in the Park Avenue tunnel and to increase the capacity 
of the Grand Central terminal. When this decision was reached, 
it became self-evident that the use of the motive power should 
extend to the end of the suburban territory at Croton on the 
Hudson Division, a distance of about 35 miles. While the 
northerly terminus of the main line is thus planned for the 
present at Croton, it 15 probable that just as soon as the de- 
velopments in the electrical field will warrant such action, 
the electric zone will be extended as far as Albanv, a total 
distance of 142 miles. 

This brings up the question of the respective merits of the 
three electrical systems now warmly advocated bv their re- 
spective friends; videlicet, the direct current, single-phase alter- 
nating current, and three-phase alternating current. Looking at 
the matter from an electrical standpoint, it 15 very much to be 
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deplored that the advocates of each of these systems have seen so: 
much to condemn in the others, as this practice has frightened 
the steam railroad men from taking any decisive steps 
when there is such disagreement among those upon whom they 
must depend for guidance. If instead of blindly teaching the 
merits of one system to the exclusion of others, the electrical 
engineers could ünite upon the axiom that each special condition 
should be carefully studied and the system adopted best suited 
to it, I feel certain that the cause will be further advanced. 
For instance, direct current was adopted for the New York 
Central installation at New York, among other reasons, because 
the clearances in the Park Avenue tunnel and the ordinances of 
the City of New York absolutelv precluded the use of overhead 
construction; and vet we are told that a great mistake has been 
made and that no other system should have been used but single- 
phase alternating current with overhead construction. Entirely 
apart from any arguments, pro and con, of the relative merits 
of the two svstems, it will be seen that phvsical and legal condi- 
tions prevented the adoption of anv system other than the direct 
current. When there are no limiting conditions, and the steam 
railroad engineer is free to give full sway to the exercise of his 
judgment as to the selection among rival methods, he asks 
first, which is the most reliable? Accustomed to the use of 
long-tried steam locomotives, the breaking down of any one of 
which does not necessarily affect the movement of many others 
on the line at the same time, he naturally looks askance at the: 
adoption of a new method of moving trains that carries with it 
the danger that in case of a disturbance at the power station or 
transmission lines, every train on the line will come to a standstill. 

This question of reliability is much more important with a 
trunk-line steam railroad carrving passengers from remote points, 
and mail and express from over all the country, as well as subur- 
banites, than with local street-car svstems. Forthis reason the 
conservative steam railroad man does not feel like making experi- 
ments with untried systems, no matter how alluring their advo- 
cates may make them, but prefers to select from svstems which 
by long tried experience are proved to be thoroughly reliable. 
In fact on the more important trunk-line installations storage- 
batteries are now felt to be a necessitv, not only to provide for 
violent fluctuations of load much greater in range than with 
ordinary street-railroad systems, but also to afford insurance 
against interruption of traffic due to minor breakdowns in power 
stations and transmission lines. The New York Central in 
its desire to secure reliabilitv has provided not only storage- 
batteries, but also duplicate power stations with access for fuel 
by both rail and water, either of which can, in the event of the 
disablement of the other, run the entire svstem, by utilizing 
spare units and working overload. Duplicate transmission lines 
have been adopted for like reasons. Since the commencement 
of electrical service last December, events have already proved 
the wisdom of these precautions. 
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The answer to this contention—that trunk-line railroads should 
use well-tried svstems—is that no progress can be made unless 
something new is tried. In reply it may be stated that thetrunk- 
line railroad is not the place to make experiments, but that inter- 
urban roads of minor consequence should be selected and the new 
system well proved before it is installed on a large scale in 
territory where its failure may have disastrous results. 

Further commenting on the necessitv for a study of local 
conditions, I have recently had in my charge the adoption 
of an electric svstem for operating combined freight and pas- 
senger service through a double-track tunnel now under con- 
struction. In view of the claims made by the advocates of 
different svstems, it seemed wise to prepare the specifications 
so as not to cramp or restrict the judgment of the competitors. 
but leave the widest latitude for ingenuity and exercise of skill 
consistent with the accomplishing of the desired object. The 
invitation to domestic and foreign companies, in addition to 
asking for bids, also requested the filling in of blanks to show 
the annual costs, including interest charges, depreciation, taxes, 
and operation. The result showed conclusively that for that 
particular installation, the direct-current system was the cheap- 
est in both first cost and annual cost, to the extent of from 20 to 
25 per cent. iess than its nearest competitor. 

With your permission I would like also to give another illustra- 
tion of the lack of wisdom in making broad generalizations from 
which to draw specific conclusions. We are often told that the 
overhead single-phase system should be used because of the ad- 
vantage of requiring no sub-stations and sub-station attendance, 
but nothing at the same time 1s said about the higher cost of al- 
ternating-current locomotives for performing the same service, 
nor the higher cost of overhead construction as compared with the 
third-rail. About a vear ago a pamphlet emanating from an 
eminent authority stated that on four-track trunk-line territory 
overhead construction would cost about $16,000 per mile, when 
as a matter of fact a recent actual installation has cost over 
$50,000 per mile! Also in a recent installation, while the first 
cost of the adopted svstem is somewhat less than one of the 
rival svstems, still the increased consumption of current on one 
portion of the territorv, capitalized, amounts to a very large sum. 
This amount added to the cost of installation, makes the equiva- 
lent cost considerablv in excess of its rival. I am merely men- 
tioning these instances as showing the necessitv for fairly setting 
forth all sides of a problem before drawing a conclusion that тау 
be entirely wrong; in fact I do not know of апу important ques- 
tion of the dav that so much requires absolute openness and 
frankness, with a careful examination of all sides of the case, asthe 
adapting of electricity to trunk-line practice. Any concealment 
of the facts reacts sooner or later to the detriment of those re- 
sponsible therefore and to the financial embarrassment of the 
suffering companv. 
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I cannot too strongly endorse Mr. Sprague's remarks bearing 
on the wisdom of adopting the multiple-unit system for handling 
suburban service. The New York Central has already reaped 
its reward in adopting this method, in the elimination of practi- 
cally all of the delays of train service at the Grand Central Sta- 
tion, delays that heretofore largely resulted from the multiplicity 
of movements of steam locomotives in passing to and from 
the engine-house facilities and in switching from the head 
to the rear end of trains; in fact, apart from other improvements 
made at this terminal, the use of the multiple-unit system has 
at this time resulted in an increase in the capacity of the station 
of at least 33 per cent. Moreover, the rapid acceleration of this 
character of equipment as compared with locomotive practice 
has resulted in the ability of the operating department to main- 
tain schedules with a reduced rate of speed between stations. 
While on this subject of acceleration it might be well to add that 
in making a selection between the rival electric systems, relative 
acceleration should be compared not only in connection with the 
movement of suburban trains but also through trains hauled by 
electric locomotives. Some recent observations have demon- 
strated to me the marked difference of acceleration between the 
two principal electric systems. In changing motive power 
from steam to electricity on trunk-line railroads, this question of 
acceleration is one of the greatest attractions; it should, therefore, 
not be lost sight of in deciding upon any electric system 
which may offer no greater advantages in that regard than the 
steam locomotive that it displaces. 

Another point mentioned bv Mr. Sprague that seems worthy 
of special notice, is bonding of track rails. The New York Cen- 
tral has realized the wisdom of its course in adopting bonds 
concealed beneath the fish-plates, as there has been no loss 
from their theft; whereas I believe that on other roads where 
this precaution has not been taken, electrical operation has been 
seriously interfered with by the theft of exposed bonds. 

In thus venturing a word of advice for closer relations between 
the steam railroad engineer and the electrical engineer, and greater 
frankness and cool reason in the discussion of the relative merits 
of the various electric systems, I may be pardoned a word to the 
electrical manufacturers in doing their part to popularize with 
steam railroad men the use of electricity in solving trunk-line 
problems. Always having in mind the primal elements of 
safety and reliability, all inventive genius of the great manu- 
facturing corporations in this country should be bent on devising 
means of accomplishing a desired result at less cost, as this will 
mean in the end such an increase in the use of electricity as a 
motive power as to more than compensate for the comparatively 
small loss in decreased unit prices of apparatus. One of the 
promising movements in this direction is the hints that have 
been given of the possibility of substituting for the expensive 
synchronous converters and sub-station attendance of the 
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direct-current system, a very simple device which will cost very 
little and require no attendance. This one feature, if successful, 
will go far toward strengthening the hand of the steam railroad 
enthusiast in extending the use of electricity more generally than 
now seems possible. The signal field 15 also one їп which 
there 15 room for improvement in reducing costs of installation 
so as to make the use of electricity feasible from a financial 
standpoint. The use of electricity at the present day requires 
the throwing away of old tvpe signals and interlocking svstems 
and the installation of an entirely new system at a vast cost, 
due to the necessity for the use of the track rails for return pro- 
pulsion current. On one of the branch lines of the companv 
with which I am connected the substitution of electricity for 
steam has been indefinitely postponed because of the attendant 
greater cost of making a change in the block signals and inter- 
locking apparatus; but I am pleased to say that one of the elec- 
trical companies now gives ground for hopes that a new method 
has been devised which will do away with the necessity for the 
more expensive portions of the apparatus and so far reduce the 
cost of the change of signaling as to make feasible the electrifica- 
tion of the branch road. It has seemed wise to give these illus- 
trations as having a bearing on the rapidity of the process of 
evolution of change of motive power on trunk-line railroads. 

As to the relative merits of overhead and third-rail. work- 
ing conductors, steam-railroad men have been more or less 
alarmed at the freedom with which contending enthusiasts argue 
as to the danger attendant upon the selection of either. It 
must be conceded that in return for the many advantages that 
come avith the use of electricity, there are certain disadvantages 
among these is the added danger from the use of working con- 
ductors, whether third-rail or overhead. The question simply 
simmers down to the selection of the svstem which appears to 
offer the least danger. Mr. Sprague has exhaustively covered 
the merits and demerits of each, and it remains for the steam 
railroad man to make a selection, having in mind the desiderata 
of non-interference with the view of signals, elasticity in the 
adjustment of tracks to new grades and alinement and the laying 
of additional tracks, minimum danger from derailments, safety 
to employes, and economy of maintenance. 

I realize that my remarks on Mr. Sprague's exhaustive paper 
are very general and throw very little specific light on the 
problems that he discusses, but I feel that I might be par- 
doned for dwelling on a few of the features that have seemed 
wise for all of us to bear in mind in attempting to work together 
in bringing about as rapidly as possible the substitution of 
electricity for steam in places where progress demands in- 
creased capacity and the abolition of many drawbacks that 
necessarily accompany the use of the steam locomotive. 

Lewis B. Stillwell: The Institute is to be felicitated upon the 
presentation of a long and interesting paper by a member who 
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in the past has contributed largely, perhaps more largely than 
any other living man, to the utilization of electricity for traction 
purposes. With much, perhaps all, that this paper states in 
its first dozen or fifteen pages I am sure that we will find our 
opinions in agreement. We have noted a tendency of some 
electrical engineers to indulge in prophecy; the fact that some 
of us have difficulty in discussing railroad finance and operation 
unless we confine ourselves to glittering generalities has been 
frequently observed; that the hope of financial profit is the under- 
lying motive which induces the capitalist to undertake electrical 
enterprises is a part of our engineering creed. 

It 1s sometimes asserted also that an unfortunate tendency 
and limitation of engineers, as a class, 1s to concentrate their 
attention too closely upon certain features of a general problem 
and to lose sight of other features essential to a comprehensive 
and accurate mental prospective. Realizing this, it is satis- 
factory to note that the preliminary pages of the paper this 
evening aim to assist members of the Institute by suggesting a 
broad view of the general problem of electric trunk-line operation. 
It is distinctly disappointing, however, that, after casting his eye 
over the broad prospect which now appears to offer so inviting a 
field for the realization of increased earnings and decreased operat- 
ing expenses by gradual, well-considered, and svstematic exten- 
sions of electrification, the author should spend so much 
time and effort examining details of construction of assumed 
alternating-current and direct.current car equipments that he 
is able to bestow but a passing glance upon the sub-stations re- 
quired for direct-current operation, and but hasiily to examine the 
contrasted systems of transmitting power from coal pile to mov- 
ing train. Herein the paper entirely fails to convey an accurate 
idea of their relative advantages and limitations. 

In the paper of the evening, as also in his interesting contribu- 
tion to the discussion of the paper which Mr. Henry St. Clair 
Putnam and I had the honor to present at the meeting of January 
25, the author takes issue with certain opinions which I have 
expressed relatively tothe question of standardization of electric 
railway equipment and the relative merits of direct-current and 
alternating-current motors for trunk-line operation. In the 
paper before us he savs. 

But above the discordant notes, and in the turmoil of varied developments 
there rises now and then the cry of standardization, not only such as 
is natural and not prohibitive of new advances in the art, but wholesale, 
explicit, and exclusive. For example, in a recent. paper before this In- 
stitute, the view was expressed that but a single plan—the high-tension 
overhead trolley, with 15 cycle, single-phase alternating-current motors 
—was possible of serious consideration on trunk-line service, and that this 
system should now be adopted and standardized, despite the fact that 
there was not in existence a single equipment of this character in prac- 
tical railway operation! 


It is obvious that Mr. Putnam and myself failed to convey 
to the author of this evening's paper an accurate understanding 
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of our position, and lest others also may have misunderstood our 
meaning I may be permitted to quote from the paper and its 
discussion the following paragraphs relativeto '' Standardization ” : 


Engineers constituting the membership of this Institute owe it to 
themselves, as well as to their clients, to use every effort, without pre- 
judice and without fad, to prevent waste by opposing the introduction 
of apparatus which from its limitations cannot solve the general problem 
of railway electrification; and it is to be hoped that they will use their 
united influence to fix proper standards as rapidly as this establishment 
may be consistent with progress. * * * 


The necessity of proper standardization isobvious. Specifically it would 
seem feasible and eminently wise to agree upon standards of practice 
in respect to the following: 

(a) Location of third-rail. 

(b) Location of overhead conductor used with single-phase alternating- 
current system. 

(c). Frequency of alternating-current traction systems. 

]t is pru desirable but probably less easy to agree upon a standard 
о multiple-unit control for train operation. * * 

he position which we take in this matter may be stated as follows: 


a A general view of the railway field, including freight as well as 
‘passenger traffic, obviously shows that for anything approximating a 
general solution the single-phase alternating-current system is decidedly 
superior to the 1200- or 1500-volt direct-current system. This con- 
clusion is corroborated by calulations easily made and based only upon 
established facts. 

b The admitted advantages of electricity in respect to increased 
earning power and decreased cost of operation are such as assure in the 
near future rapid increase in the use of electricity by railway systems 
a operated by steam. 

he necessity of standardizing frequencv rests practically, although 
TE directly, upon the same arguments as have induced railways to stan- 
dardize track-gauge, train-line, and steam-line. 

. In other words, the significance of our estimates of comparative op- 
erating costs is that the results, viewed in connection with admitted 
facts in respect to increased earnings, indicate that a general electrifica- 
tion of important railway divisions, and even of trunk lines, is coming 
much more rapidly than has been generally realized, even by electrical 
engineers; and the lesson to be drawn from this conclusion is that we 
must standardize as promptly as possible everything essential {о con- 
venient interchange of rolling stock. 

Mr. Putnam and I have said nothing which excludes from 
further consideration the threc-phase alternating-current svstem 
or any other alternating-current svstem, neither have we opposed 
the use of direct-current motors at any voltage in any kind of 
service, except trunk-line service in which it 1s proposed to substi- 
tute the clectric motor for the steam locomotive. The line 
which divides trunk-line service from interurban service, of 
the class to which hitherto electricity has been applied, is sut- 
ciently distinct, in most cases, to be recognized without dith- 
culty. For interurban service 1 have used, and may continue 
to use for some time to come, direct-current equipment. Every 
real improvement in electric equipment adapted to rolling 
stock, whether that equipment be of the direct-current tvpe or 
the alternating-current type, has its value. Each specific case 
of proposed installation obviously calls for careful comparison 
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of available and adequate systems. Such comparisons, however, 
if they are to lead to conclusions that shall stand the test of 
time, must take into account not only existing and available 
equipment, but must recognize also tendencies in the develop- 
ment of the art, and consider probabilities of future extensions 
and possible connections of the specific line under consideration. 

For trunk-line operation I have held and still hold the opinion 
that the 15-eycle, alternating-current, single-phase system 
possesses inherent characteristics which, in this class of work, 
constitute controlling advantages as compared with any direct- 
current system that has been suggested, or is liable to be de- 
veloped into an operative system. With this opinion the paper 
of this evening joins issue. In the oral discussion of the paper of 
january 25 the author of this evening's paper stated his 
position with emphasis by saying: 

I am going to make a prophecy, that оп a large number of lines which 
can by any stretch of imagination be considered as subject to a reason- 
able prospect of electrification, 1200 or 1500 volts will on any present 


development known, give better results in every way than the alter- 
nating-current, 15- or 25-cycle overhead system. 


The paper before us while presenting certain data and opinions 
purporting to sustain the contention that the 1200-volt direct- 
current system is superior to the 15-cyele alternating-current 
svstem, presents no sufficient and fairly comparable data upon 
which any such conclusions can be based. The only data which 
it presents in the way of a comparison of the relative outputs, 
speeds, and weights of the contrasted types of motor are those in 
which a direct-current motor rated at 240 h.p. and an alternating- 
current, 25-cycle motor rated at 125 h.p. are compared. А 
pyramid cannot be made to stand long upon its apex unless 
propped up, and no conclusions as broad and far-reaching as 
that which this paper apparently endeavors to establish can be 
based upon a single comparison of this kind. Even this single 
exhibit obviously requires material correction before it can be 
used properly as a premise for the conclusions which the author 
seeks to draw. It is defective for the following reasons: 

1. It compares two motors of equal weight. This com- 
parison used as a basis for a general conclusion is, obviously, 
unfair to the alternating-current motor, as it takes advantage 
of the fact that increase in the size of motors of any type, alter- 
nating current or direct current, implies reduction in weight 
per horse power. Had the comparison brought together two 
motors of equal output, the ratio of weights would have been far 
less than is the ratio of output when equal weights are considered. 
The particular case of a motor-car equipment in which it appears 
that four 25-cycle alternating-current motors would be required 
to do the work of two 550-volt direct-current motors is one 
which has come up in my own experience, but, obviously, it is 
no proof that similar relations would hold, for example, in 
equipping a locomotive with a given aggregate horse power. 
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2. The comparison is made with a 550-volt, direct-current 
motor weighing without pear, gear-case, and pinion, onlv 23 
lb. per h.p. (one-hour rating). This is extraordinary light and 
indicates that the motor is, 1n respect to the rclation of weight 
to output, superior to anything in general use. The latest 200- 
h.p. motors offered within the last 60 days to the Interborough 
Company by our leading manufacturers weigh, respectively, 
28 and 30 lb. per h.p. (one-hour rating). The alternating-current 
motor in Mr. Sprague's comparison, on the other hand, is 
characterized by a higher relation of weight to output than other 
single-phase motors of comparable output in the market. 

3. The comparison is between a direct-current and an alter- 
nating-current motor operating at 25-сусіеѕ, not 15-cvcles, 
which is the frequency suggested by Mr. Putnam and mvself. 
The 25-cvcle single-phase motor has a far higher ratio of weight 
to output than the 15-cycle motor of the same output. 

The paper emphasizes the statement that “ Capacity is the 
keynote of equipment." With this conclusion few will differ. 
In our consideration of capacity of equipment, however, we 
should not limit our attention to the motor but should take into 
consideration, also, the comparative methods of transmitting 
power to the moving trains. In general, the choice of a system 
will depend upon the ratio of capacity as measured in tractive 
effort to aggregate cost of equipment. 

I have read the paper of the evening somewhat hastily 
and possibly may have overlooked an adequate  state- 
ment of the advantages of the alternating-current svstems 
which result from the elimination of the converter sub- 
stations. These, as is well recognized, are a very expensive 
element of the direct-current system as it would be 
apphed to anything resembling a trunk line—expensive not 
only in first cost but relatively still more so in annual cost and in 
complication of the distributing system. There are to-dav in 
operation in this city somewhat over eighty 1500-kw. converter 
units for the purchase and installation of which I have accepted 
responsibility. While this machinery 1s doing excellent service, 
I know enough of its cost and limitations to realize that for 
trunk-line railroad operation in the broad sense a svstem which 
employs the converter as an essential link between the coal pile 
and the train must give wav to a svstem which eliminates this 
link, provided the single- phase, aliernating- current motor 1s 
designed. and manufactured with anything approximating the 
care which to-day 1s bestowed upon the direct-current motor. 

As I have said, a pyramid should not rest upon its apex; 
general conclusions, too, in respect to the very important ques- 
tion under consideration, should not be based upon comparison 
of a single representative motor of each size. Such comparison 
should rest upon comparative data prepared by competent de- 
signing engineers, working without prejudice in favor of one svs- 
tem or the other, and should comprise essential facts covering a 
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considerable number of motors of various output, designed for 
the same service. It is to be hoped that some of the designing 
engineers of our manufacturing companies will prepare and pre- 
sent such data in connection with the discussion of this paper. 

Meantime, however, I may say that only last week with refer- 
ence to a specific installation which I am studying, I obtained 
from the engineers of one of our large manufacturing com- 
panies comparative figures relating to 15-cycle, single-phase, 
aiternating-current motors of 200 h.p. at one-hour rating, and 
600-volt, direct-current motors of the sameoutput. These motors 
are practically identical in speed when delivering 200 h.p. The 
data in which I was particularly interested are the maximum 
vertical dimensions and the weights of these motors. The 
maximum vertical dimension of the alternating-current motor 
is 36.5 1п.; that of the direct-current motoris 1.625in. less. The 
weight of the alternating-current motor is 6280 16. ; that of the 
direct-current motor is 6000 Ib.: both of these weights are exclu- 
sive of реат-саѕе and pinion. The alternating-current motor re- 
quires a Wheel-base one foot longerthanis necessary with the direct- 
current motor. The ratings in the case of both motors are based 
upon the same rise of temperature without forced ventilation. 

I am not sure that I understand the author's reference to the 
implied necessity of increasing the current-carrying capacity of 
steel conductors. Не quotes from the report of the commission 
of the recent International Electrical Congress to show that on 
8S0-Ib. rails the ratio of impedance to resistance at 25-cycles is 
about 9 to 1. This difference is, of course, well known; but in 
transmitting a given amount of power by single-phase alternating 
current through overhead trolley and track return at 11000 volts, 
even when a frequency as high as 25 cycles is employed, the re- 
duction in current implied by the increased voltage makes the 
total drop 1n the circuit, as measured in percentage of applied 
potential, less than 41 the drop of a direct-current system oper- 
ating through the same circuit at. 1200 volts. 

It should be noted carefully that while the only comparative 
data given with respect to motor performance relate to the 550- 
volt, direct-current motor, the paper implies that in competition 
with the alternating-current system a direct-current potential 
of 1200 volts will be used. It 15 for our designing engineers to 
supply adequate data, but I venture to express the opinion that 
comparing the 15-cycle, single-phase, alternating-current motor 
with the 1200-volt, direct-current motor, the latter will, 1n general, 
have very little, if anv, advantage in respect to dimensions or 
weight. Moreover, it 1s not to be lightly assumed that svnchron- 
ous converters delivering 1200 volts would be found as cheap 
and as reliable as the 600-volt machines now in use. 

When we come to consider the auxiliary car equipment and 
wiring there is a very radical difference in favor of the alter- 
nating-current system. In this field as in the lighting field the 
transformer is the key to the solution of the general problem of 
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transmitting energy at reasonable cost and utilizing it at safe and 
easily controlled potentials. 

W. B. Potter: Using the word system in the sense of meaning 
the different modifications of direct and alternating current, I 
think all will agree that the state of the art is not such as to 
warrant the recommendation of any particular system as the 
standard and the only standard for future consideration. With 
reference to existing installations, the 600-volt, direct-current 
system and apparatus 1s certainly a recognized standard, which 
is more than can be said of the apparatus on any of the other 
installations, at least in this country. In nearly every case 
where a choice between svstems is considered, there are control- 
ling conditions with respect to financial advantages or local 
requirements which are of sufficient prominence to determine 
the particular system most suitable for the case under con- 
sideration. The proper attitude of the engineer toward com- 
mercial undertakings, with which most of us have to deal, 
should be that of an investor, his reputation being his capital 
and his dividends being in direct proportion to the economic 
success of the work for which he is responsible. I feel that 
Mr. Wilgus has well expressed this sentiment in saying that an im- 
portant trunk-line railroad is not the place for experimental 
development, but that such work should be done on branch lines 
where failure or partial success would inconvenience a smaller 
number of persons. To a large degree new types of apparatus 
can be perfected by manufacturing companies, by experimental 
Operation on suitable tracks; but in the actual operation of 
apparatus conditions invariably arise that do not develop under 
the control of the designers and which can onlv be eliminated by 
such advisable modifications in design as become apparent from 
a careful study of the apparatus in service. 

For a number of vears the improvement їп direct-current 
apparatus has been principally with respect to its mechanical 
features. Within the last few vears, by the application of com- 
mutating poles, there has been a decided improvement in com- 
mutation, particularly with direct-current railway motors. 
These motors, by reason of physical limitations and the fixed 
position of brushes necessary for operation in both directions, 
are particularly difficult to design. electrically. From 
present indications it would appear that for other than bi-polar 
motors the recognized standard direct-current railway motor 
will undoubtedly be provided with commutating poles. Grant- 
ing a motor of suitable capacity, the character of the commuta- 
tion is of the utmost importance to the operator, since defective 
commutation means decreased rehability, increased cost of 
maintenance, and a degree of supervision out of all proportion 
to the other parts of the motor. 

This problem of commutation, which has been so effectively 
solved in the case of the direct-current motor, is one of the 
principal dithculties to be overcome in the single-phase, alter- 
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nating-current motor. The commutation of this is inherently 
inferior. Another feature of the alternating-current motor 
incidentally affecting commutation is the number of armature 
revolutions relatively to the car-speed; the armature speed is 
somewhat higher than that of the direct-currént motor. The 
higher speed of the armature is not necessarily a featureof single- 
phase motor design, but owing to the comparatively greater 
weight of this motor it 1s desirable to run the armature at as high 
a speed as is consistent with satisfactory operationof the bearings. 

The single-phase motor 1s a comparatively recent development. 
We have good reason to expect substantial improvements in 
its design, particularly with respect to commutation; and I am 
pleased to say this evening that the prospects are particularly 
encouraging for a single-phase motor with commutation as good 
if not better than that of direct-current railway motors without 
commutating poles, and with an armature speed only slightly 
higher than that of the direct-current motor. As this improve- 
ment in commutation is got without the use of resistance leads, 
the internal losses incident to such leads, or the losses due to 
local current in the armature, are largely avoided and the effi- 
ciency of the motor is improved. The weight of such a motor 
will still be probably about 25% greater than that of a direct- 
current motor of the same rated capacity. 

These improvements do not affect the application of the 
different systems, except that they may result in reducing the 
cost and maintenance of the single-phase apparatus. They do, 
however, raise the quality of the apparatus more nearly to that 
used in present direct-current practice. 

The 1200-volt direct-current system, to which special reference 
has been made by Mr. Sprague, is substantially in line with 
present-day practice for 600-volt apparatus. The commutation 
gives every evidence of being as good as with 600-volt motors, 
the only provisions necessary being additional insulation both 
with respect to the coils and creepage distances on exposed sur- 
faces. With respect to the higher voltage direct current, I 
would suggest that 1200 volts be accepted as the next higher 
standard above 600 volts. The use of a number of intermediate 
voltages would introduce a variety of apparatus not suitable 
for general use, and necessarily more expensive, as it would be 
manufactured in limited quantities only. On account of the 
practical relation of speeds easily obtained with the series-parallel 
combination of the motors, 1200 volts afford better opportunity 
for interchangeable operation with 600 volts than with any inter- 
mediate voltage. 

As an illustration of the attitude of operating companies con- 
cerned in getting apparatus most suitable for their service, I 
would mention that at the present time there are being manu- 
factured for use in this country, railway apparatus for 600- and 
1200-volt, direct-current systems, a 6000-volt, three-phase svstem, 
and a number of 25-cycle, single-phase systems of different 
voltages. 
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Charles F. Scott: The author makes comparisons between 
direct-current and single-phase, alternating-current apparatus. 
I have been particularly interested to detect his method in arriv- 
ing at conclusions which are so largelv at variance with those of 
some other engineers. 

First of all he lavs stress upon the relative capacity of the 
motors of the two tvpes as being one of the important and con- 
trolling elements in reaching a decision. He takes certain data 
and a certain basis of comparison, and from these reaches ap- 
parently logical conclusions. The question then arises, are the 
data and the basis of comparison correct? If not, are there not 
other data and another basis of comparison from which con- 
clusions may be drawn by the same method, but perhaps with 
different results? 

It seems to me that a number of points which Mr. Sprague 
has taken up are comparisons on a particular basis, and 
that he has not considered fully the ditferent methods or con- 
ditions under which the two motors may operate; for example, 
in comparing the curves of the two motors, he shows that the 
alternating-current motor has at light load a much higher speed 
than the direct-current motor under the conditions which he has 
taken. There is an apparent conclusion, therefore, that the 
alternating-current motor 1s lacking in the excellent charac- 
teristics possessed by the direct-current motor. He has failed, 
however, to call attention to another point; that 1s, the readv 
adjustability of voltage in the alternating-current svstem bv 
means of voltage taps from the transformer. By this means 
the motor, instead of operating to its highest speed under a single 
applied voltage, which is the usual condition with the 
direct-current motor, may have a lower voltage applied. It 
may, therefore, develop different torques at different speeds, 
depending on the controller position. Under the control, there- 
fore, of the motorman, the alternating-current motor 1s not 
limited to a single law of acceleration, but may have different 
rates of acceleration, adjustable as desired; it mav, for example, 
have the same mean acceleration from start to maximum speed 
as that of a direct-current motor, but with a less maximum 
rate of acceleration. 

Another point in which changed conditions were not taken 
into consideration is that of rail-loss. Although the loss per 
ampere тау be greater, the loss per kilowatt may, as pointed out 
by Mr. Stillwell, be much less. 

It appears that the author, in his treatment of the subject 
has, unconsciously perhaps, assumed the — direct-current 
motor and its characteristics as the ideal of perfection, 
so that wherever the other motor has different. characteristics, 
these characteristics were naturally and per se objectionable. 
At any rate, he has apparently not recognized or emphasized 
certain advantages on the side of the alternating-current motor, 
In certain cases the voltage control can give a higher speed than 
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normal to a motor in service. The application of higher voltage 
gives not only higher speed, but greater output as well. Some- 
thing of the same nature is attained by field-control in the 
direct-current motor, but the field-control is a method of adjust- 
ing speed without increasing the capacity of the motor. The 
same voltage is applied, and the permissible current through the 
motor remains the same, and hence its capacity is not increased. 
But with the alternating-current motor an increased voltage is 
applied to the motor which gives an increased output, with the 
same current going through its armature, The paper, further- 
more, gives but little consideration to the advantages inherent 


in the alternating-current system between the power house and - 


the train, through the elimination of synchronous converters 
and the reduced current to be carried. The rheostatic losses in 
direct-current equipments, a matter which in some kinds of ser- 
vice is of considerable importance, has not been touched upon. 

The matter of electrical braking has been referred to. A paper 
on braking with single-phase motors is to be presented at the 
next Convention by Mr. William Cooper. The paper will deal 
with a method which has been worked out and fully tested, 
whereby it is found that the single-phase motor lends itself 
admirably to braking, covering, as I recall, all the desirable 
qualities in braking which have been called for bv the author 
and doing far more than has been shown possible with the 
direct-current motor. 

N. W.Storer: The question of third-rail versus overhead con- 
struction for electric railways is a matter concerning which it is 
unnecessary to theorize, because, with the large svstems now in 
operation or about to be put in operation, it will very soon 
be settled by experience. 

I desire to take issue with the author in regard to some state- 
ments concerning single-phase equipment, as information that 
I have is entirely at variance with what appears in the paper. 
In the first place, there are given fifteen so-called differences 
between direct-current motors and alternating-current, single- 
phase motors. These might have been called, ‘Тһе advantages of 
direct-current motors as compared with single-phase motors," as 
this is what they are made to appear. Although many of these 
are of little consequence they will nevertheless be considered in 
order. 

1. “ The input of current in one is continuous; in the other, 
intermittent." Quite true, but the draw-bar pull is quite as 
effective in one case as in the other. 

2. The direct-current motor has a solid frame like the single- 
phase motor. It has, further, two or more laminated poles 
bolted in, and if the interpole construction is used has as many 
more relatively small and delicate poles. The alternating- 
current motor as built by the company with which I am con- 
nected has, in all sizes up to a diameter of 38 in. field punchings 
made in a single piece and built up and keyed in the frame, 
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making it as solid a construction as an armature on its spider. 
The claim for less rigidity in the single-phase motor is, therefore, 
not sustained. 

3. “One has exposed and hence freely ventilated field-coils ; 
the other has field-coils embedded in the field-magnets." It is 
known to most motor designersthat coilsin contact with iron will 
dissipate heat much faster than when in the open air. This 1s 
especially true of coils in an enclosed motor. I have repeatedly 
noticed that motor field-coils which have been removed on 
account of roasüng, have shown the insulation in contact 
with the pole pieces to be in good condition, while other sides 
were badly roasted. I know, therefore, that in respeci to venii- 
lation of field-coils, the single-phase motor is superior to the 
direct-current motor. Smaller cross-section of coils also allows 
the heat to be radiated better in single-phase motors, and 
the fact ihat a large part of ihe loss in the motor is concentrated 
in the field iron will enable the motor to dissipaie a much larger 
amount of heat for a given iemperature-rise than will a direct- 
current motor. 

4. Concerning " polar clearances.” Many thousands of 
direci-current motors are to-day in operation with a clearance 
of $ in. to ў in. between poles and armaiures, and in practi- 
cally all cases where more than 4$ in. clearance is used it is for 
electrical reasons. Furiher, while the smaller air-gap used for 
single-phase motors was at first much feared, the fears have 
proved to be without foundation and the preseni clearances of 
from 0.1 in. to 0.15 in. have proved to be ample and fully as good 
as 0.15 in. to 0.25 in. in direct-curreni motors, because there is 
no unbalanced magnetic pull. 

5. Concerning. " torque." The torque of an armature is 
the pull it will exert at one-foot radius. Therefore it makes 
no difference in the result whether it is obtained with large flux 
and few armature conductors, or vice versa. 

6. “А much larger diameter of armature and commutator, 
and runs at a much higher speed." This is a very general state- 
ment: what are the facts? The armature diameters ordinarily 
run from 5 to 156; larger than for direct-current motors of 
corresponding ouiput. Iv is undoubtedly true chat the armature 
speeds of the earlier single-phase motors were much higher than 
the speeds of corresponding direct-current motors; at the present 
time, however, the speed at the nominal raiing of the motor 1s 
practically the same as that of direct-current motors, and the 
maxinium operating armature speeds are within the safe limits 
set for direct-current motors. 

7. Concerning “© gear-reduction and gear-pitch." The gear- 
reduction depends, of course, upon the speed; and as far as gear- 
pitch is concerned, I wish to sav that ihe same gear-pitch is used 
for single-phase motors as for direct-current motors of the same 
capacit v. 

5. "The windings of опе are subject to electrical strains of 
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one character; in those of the other the strains are ofrapidly 
variable and alternating character." No conclusion is drawn 
from this. It may be of interest to know that there have been 
a number of instances where the single-phase motor has broken 
down in service on a direct-current section of the line, necessitat- 
ing cutting it out of the circuit; but when the car reached the 
alternating-current section of the line it has been again connected 
in circuit and operated satisfactorily, thus indicating that the 
electrical strains with alternating current are less severe than 
with direct current. 

9 and 10. Concerning the '' variable torque of the single- 
phase motor." No comment is made as to the relative merits 
of uniform or pulsating torque. In a recent discussion before 
the Institute, Mr. Potter called attention to certain charac- 
teristics of the torque exerted by an alternating-current motor, 
especially when it reaches the slipping point of the wheels. It 
was stated that there is an apparent advantage in the pulsating 
torque, because, when the motor starts to slip it does not im- 
mediately decrease its mean torque, as is done in the case of the 
direct-current motor, but slips in a series of jerks apparently 
regaining the hold on the rail at every pulsation. 

11. Concerning the ' "number of poles." The paper states 
that the direct-current motor has '" two or four main poles 
only." No direct-current motors built in the last 15 years 
except those on the New York Central locomotives have less than 
four poles. The paper states that the alternating-current 
motor has '' eight to fourteen poles." The single-phase motors 
built by the company with which I am connected have four 
poles for all sizes up to and including 125 h.p. The largest 
single-phase motor thus far built has a capacity of 500 h.p. It 
has but 12 poles. 

12. Concerning '' a high torque while standing still." As we 
understand the matter, railway motors are designed to move 
a train rather than to hold it at rest. At the same time we know 
that the single-phase motor is amply protected against mistakes 
of motormen in leaving the current on the motor for a half- 
minute or so with brakes set. 

18. Concerning “ resistance in commutator leads." It is well 
known that the resistance leads used in single-phase amatures 
are for the purpose of reducing to a minimum the loss 
due to the transformer action in the short.circuited coil. 
Their presence is fully justified and the efficiency is higher than 
it would be if they were not used. 

14. This refers to relative weights concerning which I shall 
have something to say farther on. 

15. On this point I agree absolutely with the author. There 
is one type of construction to which the single-phase motor is 
not adapted. This is so far employed in only a single case. 

More or less is said in the paper concerning the lower efficiency 
of the single-phase motor, and inference might be drawn that 
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it is about 1055 lower than that of the corresponding direct- 
current motor. Just to show what modern motors are capable 
of doing, I give below in parallel columns the efficiencies of 
corresponding sizes of direct- and alternating-current motors at 
different percentages of their full-load torque. 


Per cent. of| Direct-current | Alternating | Direct-current | Alternating 


full-load 90 h.p. current 25- 200 h.p. current 15- 
torque motor cycle, 100 h.p motor cycle. 200h.p 
motor motor 
12; 86.25 82 88.8 87.3 
300 ме 85. SU SS 
RO ST 86. өз 88.3 
60 86.5 56.8 х8 87.7 
40 NO KG. Sí 85 
25 82 2.5 84 2 


From this it does not appear, within the ordinarv range of 
tractive efforts exeried by railway motors, that the single-phase 
motor is so far deficient. In fact, it comes remarkably close to 
that of the direct-current motor. 

Congerning the comparison between the 125-h.p. and the 
so-called 240-h.p. motor contained in the paper, I take issue, 
with the author. In my opinion the only reasonable way to 
compare the performance of single-phase motors with that of 
direct-current motors is to assume a car with a certain seating 
capacity, and then consider what equipment, alternating current 
or direct current, is suitable for this service. It is not fair 
to assume, as 15 done in the book by Messrs. Parshall and Hobart, 
a car of a certain total weight, carrying in one case fewer pas- 
sengers than intheother. Theobject of a railway company is to 
accommodate a given traffic. It follows, therefore, that an equip- 
ment should be provided which will be serviceable. Motors 
should be selected on the basis of their speed-time curves and 
in accordance with their particular characteristics, rather than 
upon the simple horse-power basis. Further, it is unfair to 
take an isolated case of a single-phase motor which may be 
heavier than the ordinary and compare it with a direct-current 
motor which is certainly much lighter than ordinary motors of 
that capacity. If, in seeking to compare the two types of motors, 
the author had taken the 25-evele, 75-h.p., single-phase motor 
referred to later on in the paper his conclusions might have been 
quite different. The weight which he assigns is 4199 lb. The 
weight of the corresponding direct-current motor 1s 3500 to 4200 
lb. Moreover, if the single-phase motor to which he refers were 
operated on 15 cveles instead of 25, its output would be 90 to 
95 h.p., Which would lead to conclusions quite at variance with 
others in the paper. The weight of a quadruple equipment of 


1907] DISCUSSION AT NEW YORK 1311 


90-h.p. direct-current motors furnished by the company with 
which I am connected would be approximately 20,000 Ib. The 
corresponding weight of a quadruple equipment of 90 h.p., 15- 
cycle motors with oil-insulated transformers equipped for 11,000 
volts would be approximately 27,500 lb., an increase of about 
37.5%. This extra weight added to a 40-ton car would amount 
to about 10%. Owing to the greater efficiency in controlling 
single-phase motors, the power consumption of the car, including 
transformers, would in most classes of service be approximately 
the same as that of the direct-current motor at the trolley and 
would be much less at the power house. I wish to say, further, 
that a carfor passenger service can be equipped with two 200-h.p., 
15-cycle, single-phase motors giving ample clearance -on 37-in. 
wheels, and that these two motors will operate a car with the 
same power consumption per car-mile at the car on runs as long 
as five or six miles as would be obtained with a car of the same 
capacity operated with an equipment of 200-h.p., direct-current 
motors. On shorter runs the relative power consumption would 
be less. 

Now, concerning the use of high-voltage direct current. 
Motors can certainly be built to commutate satisfactorily on 1200 
volts direct current. Such motors, however, must restrict the 
voltage between bars to a safe limit, and have extra space for 
insulation. The construction of this motor would therefore put 
it on a par with the 15-cycle, single-phase motor both in weight 
and dimensions. Moreover, it would have practically the same 
air-gap in moderate sizes of motors, and might possibly have 
to be designed with the same style of compensating winding 
on the field as is now used for single-phase motors. It would 
have in addition the disadvantage of a high voltage always 
present on the windings and brush-holders. · If it were not for 
. the greater possibilities of the single-phase system, there 1s no 
doubt but that the high-voltage, direct-current motor would be 
quite attractive. As it 1s, I believe that systems should be 
developed which offer the best solution for the entire railway 
problem. To attempt to develop a number of systems would 
result in not onlv scattering the energies of manfuacturing com- 
panies, but would retard the ultimate solution and supply the 
railways with a heterogeneous collection of equipments that 
would postpone standardization for manv years. 

С. R. Henderson: [ am particularly pleased to find that the 
writer of the paper does not claim that electrification 1s a panacea 
for all railroad ills, but when applied to individual cases which 
have been intelligently studied and found to be suitable for such 
treatment, satisfactory results шау be expected. 

That success depends upon traffic density is made clear, and 
the importance of the load-factor is brought out, and I heartily 
agrce with the assertion that trunk-line operation is vastly differ- 
ent from suburban service. As the two extremes, consider the 
New York subwav, with constant trains at short intervals, and 
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a division on a western road handling stock almost exclusively. 
There are one or two days a week when the stock must be 
brought to market, and perhaps from 12 to 20 trains will be run 
in one direction, possibly up-grade, at 15- or 30-minute intervals, 
as the market must be reached in time to avoid claims. Then 
for four or five days there may be nothing but one or two pas- 
senger trains and a local freight. Сап any one imagine a railroad 
company rash enough even to think of electrifying its road in 
such a case? The power house and conductors would have to 
be proprotioned for the maximum traffic, but the average load- 
factor would not be ten per cent. Operating methods can no 
doubt be.changed in many cases to advantage, in electric trac- 
tion, but such traffic as I have referred to cannot be altered to 
suit transportation requirements. 

The important factor of financial success is also brought out 
in the statement that unless a commensurate return on the in- 
creased investment can be assured, steam locomotives will not 
be abandoned. This item of first cost is an important one, 
when we consider that one horse power in steam locomotives 
costs about $10, and in power house, lines, etc., about $100. 
Electric locomotives themselves cost double the amount of steam 
locomotives, and as the average cost of coal in the Uinted States 
does not exceed $1.50 or $2 a ton, little may be obtained from fuel 
economy. 

The great possibility of the electric locomotive in freight 
service (and this is usually the dividend-earning part of the 
traffic) seems to lie in the increased power available by small 
reductions in draw-bar pull corresponding to increase in speeds; 
but the relative value for each and every line can only be deter- 
mined by making a careful study of all the factors involved for 
that particular piece of track. Comparisons with other roads 
may, therefore, be not onlv uscless but positively dangerous, 
unless all the conditions are understood. These computations 
are laborious, but absolutely necessary. When we consider the 
different rates of pav and the cost of commodities in various parts 
of the country, and the effect of physcial conditions of the track, 
we realize the importance of careful analvses. By varying the 
train load we can run the cost of transportation per ton-mile to 
double the minimum figure, the charges for material and labor 
remaining constant, which shows how complicated will be 
the deductions from a thorough investigation of the subject, but 
unless so made they may be worthless. Characteristic power 
curves of both steam and electric locomotives would naturally 
form the basis for such a comparison, and these should be care- 
fully laid out; and then by making combinations of diagrams 
representing the locomotive power and train resistance, the im- 
portant fundamental advantages can be deduced for a variety 
of conditions. 

According to the writer, regeneration is not promising as a 
method of reducing power consumption any more for electric 
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than for steam traction, but it may reduce brake-shoe wear and 
lengthen the life of wheels. It could not replace the air-brake, 
however, for obvious reasons, but might be compared in its 
action to the Le Chatelier or Sweeney brake. Even air-brakes 
are now arranged so that they can be held upon the locomotive 
while re-charging the train on long grades, and retarded release 
is provided so that the rear-end brakes let go first. 

I am glad to see that multiple-unit control is not considered 
feasible for freight operation, and that the great difference be- 
tween this and suburban transportation is made clear. We 
heartily agree that it would not be wise to attempt to handle 
heavy trains on steep grades with one man, and the legislators 
would no doubt prevent it. The presence of a third man on 
locomotives of the Wooten type has often been discussed by our 
lawmakers, and the single man and multiple-unit control would 
certainly excite much opposition. 

Having had twenty-five years' practical experience on rail- 
roads from the Atlantic to the Pacific, some of them operating 
on 3.5% grades over the Rocky Mountains, I cannot too heartily 
express my approval and endorsement of the very conservative 
statements and the sound logic enunciated in this paper; I 
believe that if these points are constantly kept in mind there 
will be few electrifications to criticise unfavorably, and that 
those who decide to abandon the Steam locomotive will be able 
so to fortify their position with convincing figures and data that 
financiers will provide the funds and the results will justify the 
expenditures necessary for the work. While I do not expect to 
see the steam locomotive driven ''off the earth ", and am 
confident that for many years it will still be found performing 
most of the work of transportation in this country, yet I do 
believe that the electric locomotive 1s bound to increase rapidly in 
number and in favor, and that each in its own proper sphere, 
steam and electric traction, will coóperate to the advancement of 
transportation and the increase of prosperity. 

William McClellan: It is to be regretted that the author has 
thought it wise to spend so much time comparing motors when 
it is well known that the single-phase motor is not equal in 
weight-coefficient or efficiency to the direct-current motor. 
From a practical standpoint the comparison should be made 
on the complete system from the coal-pile to the transported 
load. My experience in making comparisons of the several 
systems for different roads confirms the figures stated by those 
who have discussed the paper rather than the figures of the author. 
After operating an 11,000-volt, multiple-unit train under extreme 
weather conditions and heavy overload, it is a pleasure to report 
that the equipment is extremely flexible in every way and gives 
remarkably smooth operation. The control of motor voltages 
by the transformer taps seems to make for very smooth accelera- 
tion. The examination of the commutators with covers off 
showed, under heavy overload, sparkless or black commutation. 
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Even when one of the cars was acting more as a locomotive than 
as a motor-car this was true. In these circumstances it 1s 
particularly gratifying to-night to learn that even better conditions 
can be expected from equipments produced now. 

The author's paper spells the word “ capacity.” First, 
capacity of the truck for motors; secondly, capacity of the track- 
ape for traffic. We certainly must all agree with the laiter 
argument. Thereis little doubt that the electric motor can beintro- 
duced on steam railroads more easily by showing that the capac- 
ity,of the ultimate trackage in a given locality can be increased 
more by electrifying than bv апу other motive power. It is 
probable that hundreds of miles of trunk-line electrification will 
be installed for this reason, before there will be sufficient inform- 
ation on the relative cost of operation and similar data. 

It does not seem, however, that the capacity of the truck to 
receive sufficient motor power will ever be a serious menace to 
the success of the alternating-current motor, even if the present 
weight-coefhicient 15 пої ппргоуеа. Thisobjection obtains chiefly 
in connection with Jocomotive design. It should not be forgot- 
ten that almos: all electrification so far has been in connection 
with terminal work where an electric locomotive must receive 
a train from a steam locomotive for a short run through a tunnel 
or otherwise. The more I study the problem, the more I am 
convinced that when we сое to the electrification of a whole 
division, we shall depart from locomotive practice and turn to 
multiple-unit equipment. Even for through service it 1s more 
than likely that it will be found cheaper in the end, more elastic, 
and less liable to cause delays on the road. This has been 
forcibly impressed on me recently, while making some trial runs 
with new multiple-unit trains on a trunk-line division. Several 
times minor accidents happened which, had the motive power 
been concentrated in one unit, would have stalled the train for 
some time. With the multiple-unit train, however, it was very 
easv to cut out one car and make a run їп without. seriously 
disturbing the schedule. 

Even in connection with freight traffic our present ideas may 
have to undergo a radical change. As we understand it now, 
receipts are per ton-mile while expenses are per train-mile. 
There is a possibility, however, that with electric operation we 
mav be able vet to show that the quickest and least expensive 
method of getting freight over a given division is not alwavs by 
means of the lonvest train and the heaviest locomotive. 

In view of the fact that most of the engineers who are ardently 
expressing faith in the single-phase motor are at the same time 
advising the use of, and installing, 650-volt third-rail and over- 
head apparatus, it is a pity that there should be an opinion held 
that we are divided into hostile camps. Arguments compar- 
ing overhead construction with third-rail have been made so 
exhaustively and so frequently that there is little use here in 
repeating them. Since both are being introduced їп various 
places we can afford to wait for time to bring out the truth. 
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There are reasons, however, why, for trunk-line operation, 
opinion seems to be so strongly in favor of the single-phase 
motor: first, it is generally acknowledged that on account of 
expense and complexity of power distribution a 650-volt, third- 
rail installation, no matter how well done, will never solve trunk- 
hne electrification. It seems evident that the case demands 
a high voltage, which in turn necessitates an overhead structure. 
If the present single-phase motor is not adequate or satisfactory, 
it must be improved or another type designed. If the present 
tvpe of catenary construction fails in service, it may have to 
undergo radical change. In spite of these details, of the highest 
importance as they are, the general statement in regard to the 
system remains true. 

Secondly, the electrical engineer must follow the engineer-of- 
way. The former must electrify whatever system of trackage 
the latter demands for moving his traffic. In large terminals 
and busy yards, unless present methods of switching can be. 
revolutionized, the third-rail is not alwavs available. I do 
not know of any extensive proposition where the third-rail has 
been adequate in such cases. The paper itself, though slight- 
ingly, refers to one large terminal where considerable overhead 
structure had to be introduced. This adds undesirable com- 
plexity to the car and locomotive equipments. In this con- 
nection it must be remembered that locomotive shoes will proba- 
bly not span a gap much greater than 25 ft. This fact intro- 
duces troubles not met with in connection with multiple-unit 
trains. 

Thirdly, every large road is a problem which must be consid- 
ered financially on its own merits, but technically in relation to 
the whole system and to other roads with which it may come in 
contact. That system of electrification which may be most 
suitable for the operation of a large terminal may be one which 
it is unwise for the road to adopt, because sooner or later this 
mav have to be extended to the whole system. Neither can 
the largest roads afford to ignore absolutely what other roads are 
doing in the way of electrification. The modern trend of enter- 
prise is towards consolidation, exchange, and pooling. There 
is in process of formation, or perhaps already finished, a freight- 
car pool among the larger roads of the country; it 1s not beyond 
possibility that ten years from now may see a pooling more or 
less complete of passenger cars; and there is no doubt that 
many parallel roads to-day could adopt joint track agreements 
to the advantage of bothand the great advantage of their patrons. 
It is these possibilities that a road must keep in mind when it 
starts to electrify, or it тау later have to expend enormous sums 
of monev to bring itself into conformity with a larger system of 
which it may become a part. Therefore, reasonable standard- 
ization is one of the things we should have on our minds all the 
time. No question shou'd be decided without considering 
this point of view. 
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А. Н. Armstrong: It is very difficult for the writer to share 
the confidence expressed by some of the previous speakers as to 
the exact trend of future railroad engineering. This is an age 
of development. Things change over night and impressions 
formed last week are quite likely to stand in need of modification 
in the light of more recent developments. In this connection 
I may state that my impressions of alternating-current motor 
performance, which have been gradually forming as the result 
of several years’ experience with such motors, have been very 
agreeably shaken by tests witnessed during the last few weeks. 

I had an opportunity to witness a test on a 125-h.p. series com- 
pensated alternating-current motor operating at 50% overload. 
The commutation was excellent, as good as that of present 
direct-current motors, and was obtained by certain recent 
modifications in motor design and connections. 

New developments are not confined to any one tvpe of ap- 
paratus. The direct.current motor has exemplified this in the 
vast improvements made in the last vear bv the introduction 
of the so-called commutating-pole tvpe of motor, which practi- 
cally eliminates the question of commutation as a disturbing 
factor. Owing also to the development of the commutating 
pole, it 1s possible, with the better results obtained, to wind such 
motors for 1200 volts. The commutation of these 1200-volt 
motors is even better than the 600-volt motors hitherto used. 
It 1s, therefore, hard to predict with any certainty just exactlv 
what field is covered by any one type of apparatus. We now 
have offered direct-current motors of 600 and 1200 volts that 
give practically perfect commutation, verv high efficiency, and an 
adaptability of design that makes such motors applicable to a 
wide range of railway problems. We have also recent evidence 
that the alternating-current motor can be so improved as to 
approximate closely the present performance of the direct-current 
motor not having commutating poles. Such improvements 
must have considerable weight in determining the future field 
of application of this tvpe of motor. I will sav for the benefit 
of those that are anxious to standardize the frequency of 15 
cycles, that the tests I have reference to were made at 25 cycles, 
and seemed to indicate that a thoroughly good alternating- 
current motor could be built without the necessity of adopting a 
new frequency with all the incidental complications involved in 
so doing. 

Mr. Ferguson has expressed an opinion to the effect that the 
railway load in and around large cities like New York and Chicago 
represents only about 25% of the total electric power developed. 
in these territories. The use of 25 cvcles is almost universal 
in and around large cities, and it would become a very serious 
commercial matter, owing to hke conditions over all the country, 
if the future of the alternating.current, single-phase motor de- 
pended upon the adoption of a lower frequency. 

I find myself repeating the advice given by Mr. Wilgus, to 
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the effect that the electrification of our steam roads calls for 
cool, unprejudiced, common-sense engineering. Like him, I 
believe that the cause is injured by too strong enthusiasm for 
any one type of apparatus, and the best showing can only be 
secured by considering the type of apparatus best suited forthe 
particular needs of the road in question as determined after a 
very careful unbiased investigation of the local requirements. 

C. P. Steinmetz: I wish to endorse the statement that we 
are not yet ready to standardize one type of railway motor, or 
one method of electrifying steam railways. We shall not be ready 
to do so for some time; perhaps never. I agree with Mr. Wilgus 
that each railway problem should be considered on its own 
merits. The proper method of solving the problem in hand 
should be to apply the standard that has been found satisfactory 
by extended experience, and not deviate therefrom except where 
it is absolutely necessary. As has already been said, the problem 
before us is to substitute electric motors for steam locomotives 
where the conditions of service have grown bevond the capacity 
of steam locomotives. Whether the alternating-current or the 
direct-current motor has the advantage is rather a secondary 
question; the main question should not be lost sight of in dis- 
cussing conflicting claims for the one or the other t vpe of motor. 
At present there is an alternating-current motor and a better 
direct-current motor, regardless of the contention that the 
alternating-current motor is equal to the direct-current motor; 
for at the same speed and same energy input there is saved in 
the direct-current motor the power lost in commutating, and 
that lost as hysteresis in the field. The heating 15 less, and con- 
sequently the efficiency is greater. Now since the mechanical 
output or capacity of the railway motor 15 controlled by the heat- 
ing, the alternating-current motor on a direct-current circuit 
gives the same mechanical output at a lower temperature; with 
the same temperature it gives a larger output. 

There is a class of service where alternating-current motors 
are necessary—a long railway with infrequent and irregular 
service, and a considerable amount of fluctuating freight trafhc— 
in short, conditions where synchronous converter sub-stations 
would show a poor load-factor. In such cases, direct-current 
Operation appears impracticable, and here is the field for the 
alternating-current motor or the steam locomotive. Where 
there is a 4-track or a 6-track railway with traffic so heavy that 
the distance between trains is limited only by safe headway, 
the load on the converter sub-station is so nearly constant, 
the load-factor so great, the rapidity of acceleration required 
so considerable, and the maximum capacitv of the motor so 
great that the advantage 15 decidely in favor of the direct-current 
motor. In such cases there is no excuse for using alternating- 
current motors. 

I do not share the objections to the svnchronous converter, 
and do not believe there is any gain in reliability in eliminating 
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this link. It is an advantage in a sysiem to eliminate 
some of the links, but what wants to be eliminated is the weakest 
link, and that is not the synchronous converter, but the motor. 
A synchronous converter is about the strongest link. However, 
bet ween these two extremes there is a very wide field where either 
the alternating-current or the direct-current motor may be used, 
or rather where different engineers may be justified, impartially, 
in arriv ing at different conclusions; but what should be guarded 
against is the adoption of any one system which precludes one 
for ever from changing over to any other system. І refer 
specifically to the adoption of an arbitrary frequency. At 
present, after many vears of work we have succeeded in eliminat- 
ing all frequencies but the two now universally used——60 cycles 
and 25 cycles. At the present time all the heavy power of the 
country is transmitted at 25 cycles. Adhering to this standard 
frequency, it would not be so formidable a thing to usethe 
alternating-current motor and then find that after all, the 
direct-current motor would be better. The alternating-cur- 
rent motor could be used for outlving side branches of a railroad 
and the main line be operated with direct-current ; or, inversely, 
a start could be made with direct current and later changed to 
alternating current, provided the interchangeability of the 
system be not lost sight of. Herein lies the harm of radically 
changing the frequency. Compelling one to adopt a frequency 
of 15 cycles brings about a very serious condition;it means giving 
up the possibility of securing the benefit of interchangeabilitv 
with the large amount of power now available at 25 cycles. In 
brief, 15-cycles would be an odd system, as odd as the 40-cycle 
system is to-day. 

In regard to the 1200-volt direct-current motor, my conclusion 
is that the commutation of this motor is so infinitely superior 
to the commutation of any alternating-current motor I ever. 
have scen— except one—that there 15 no comparison. As Mr 
Armstrong has stated, there has recently been developed one 
alternating-current motor operating on heavv overloads with 
absolutely sparkless commutation. It is just as good as the 
standard direct-current motor, or probably a little better. 

Frank J. Sprague: Owing to the lateness of the hour, I cannot 
now reply to the various speakers, because I cannot deliver my 
views in sufficiently condensed form. F shall have something 
to say later in a written communication to be inserted in the 
PrRockEDINGS. I think possibly the paper has at least one merit, 
it bids fair to bring out some additional facts about the apparatus 
of both kinds. The fact remains that a good many millions of 
dollars have been invested on two great trunk-line svstems, which 
will soon be in competitive operation, and there will be a com- 
parison on these roads which none of us can gainsay. 

W. S. Murray (by letter): Conscientiously I find little in 
Mr. Sprague's paper to discuss. This was mv conclusion at 
the meeting ;thesame now. И seems to me that what is not wrong 
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in Mr. Sprague's paper is not new. In passing, however, I 
cannot fail to record here my high sense of appreciation for Mr. 
Stillwell’s and Mr. Storer's excellent contributions, not so much 
because they were refutations of Mr. Sprague's unalterable con- 
clusions, but for the valuable data they contained concerning 
the real relations 1n design and practice between alternating- 
current and direct-current railway motors. Again, it is difficult 
to express the pleasure in noting the small per cent. increase in 
weight for equal capacity and the almost coincident curve of 
efficiency. These cases being the citations of the chief engineer 
of the railway department of one of our large manufacturing 
companies, and a consulting engineer who has shaped the duties 
of many railway motors. 

It would be my wish that the smallest emphasis be placed 
on the ethciency of the alternating-current motor, even though 
its efficiency curve throughout its complete range of load were the 
equal of its direct-current prototype. If efficiencies be con- 
sidered, let us discuss the ratio of the pound of coal to the ton- 
mile. There is nothing electrical about this; it 1s within the 
comprehension of steam railway engineers (though it 1s a chain 
made up of electrical links); and if the ratio proves less for the 
alternating-current than for the direct-current svstem, then we 
have a real value that is of as much interest to the banker or 
director interested in the railroad as to the electrical engineer 
desiring its use. Would it not be better to consider the whole 
chain rather than one link? I welcome the new weights and 
the new efficiencies for their corrective (?) influences of the one- 
part-at-a-time man. 

It was unfortunate that the photographs as originally shown 
in the advance copies of Mr. Sprague’s paper were so poorly 
representative of the catenary construction. However, I am 
told these were the best the publication department of the In- 
stitute could produce on the very short notice they received. 
Those now published in the regular PROCEEDINGS are fairly rep- 
resentative. 

T. J. Johnston (by letter): While I am quite willing to leave 
the discussion of the engineering features of Mr. Sprague's 
recent paper on methods of electric traction to professional 
engineers, 1t seems to contain (or perhaps to reiterate) an 
economic fallacy; namely, that the “financial factor" will 
determine whciher a road shall be electrified, the implication 
being pretty plain that it, solely, will settle the question. 

The process so graphically described by Mr. Sprague, by 
which our present enormous steam railway svstem was built 
up, is now going on before our eyes, with electric railways; that 
is, short lines of road are being built, cities are being connected, 
extensions are being made and eventually consolidated, until 
in many directions it is possible to take extended trips by 
electric lines. Awhile ago the writer rode in an clectrically 
propelled sleeping car, the comfort of which may be imagined. 
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The growth thus initiated will not stop short of a sufficiently 
complete system of electric railways; the willingness of present 
railway managers, or even their ability, to transform the power 
side of their systems need not be considered at all. If these 
gentlemen are unable to raise the money, they will be left with 
their freight business, and their passengers will be taken from 
them, even as now the interurban roads take all of the local 
traffic that is worth while, leaving the more expensive and trou- 
blesome long-distance trains as a sort of white elephant on 
the hands of the steam road. It will not be many years before 
the large cities will wholly prohibit the steam locomotive, as 
the Congress has practically done in Washington. 

It is truly a serious situation for the railway men, with their 
credit hampered by foolish legislation and equally foolish 
popular clamor; while their electric rivals obtain privileges which 
no one would grant to the steam road. The problem of finding 
the money, and, after the money is found, of finding the avail- 
able working force 1s truly tremendous, yet 1t must be solved. 
It is as certain as anything can be that our people want and 
will have electric traction on an increasingly great scale, until 
practically all of our passenger trafhc at least is so operated. Nor 
will they be content with the present methods of running 
trains. It 1s amusing to see how a steam railway man with a 
converted road on his hands throws away the advantage of 
electricity and insists on running his cars in trains every two 
hours or so, instead of splitting up the units and running one 
or two cars every few minutes; for example, the Atlantic Divi- 
sion of the Long Island Railroad, upon which the flexibility 
of electric service is, during the ''non-rush hours," nearly 
thrown awav. ; 

Lewis B. Stillwell (by letter): The paper read by Mr. Henry St. 
Clair Putnam and the writer on. January 25 and the paper read 
by Mr. Frank J. Sprague on May 21 bring out an interesting 
and apparently radical difference of opinion in respect to the 
question of choice of system for electric operation of trunk-line 
railways. In the former the opinion was expressed that alter- 
nating-current equipment is the only class of equipment deserv- 
ing serious consideration in connection with the general prob- 
lem of replacing the steam locomotive by the electric motor on 
trunk-line railways. In the latter it is asserted that '' where 
equal permanence of installation. is provided for and equal 
ultimate as well as average duty there is not on demonstrated 
facts a wide variation in the initial cost of plant ". While the 
position taken by the author is less radical than it was in the oral 
discussion of the paper of January 25, he devotes a large part of 
the present paper to the presentation of facts and opinions 
which have led him to the conclusion that the proposed 1200- 
volt, direct-current svstem is superior to the single-phase, alter- 
nating-current svstem. 

When conclusions radically different are reached in a matter 


1907] DISCUSSION AT NEW YORK 1321 


of this kind, the explanation is usually found by examining the 
premises respectively assumed. In this case an examination 
of the paper of the evening and consideration of certain facts 
clearly brought out in the oral discussion go far to explain why 
its author has reached a conclusion differing so widely from the 
opinions expressed by Mr. Putnam and myself. 

1. It appears that the author's conclusions have been based 
largely upon a radical misconception of the facts as to weight 
and performance of single-phase, alternating-current motors as 
compared with direct-current motors. His reasoning is based 
largely upon the idea that motors of the former type weigh 
about twice as much as those of the latter type. As has been 
clearly shown in the discussion by the designing engineers of 
our great manufacturing companies, the difference in weight of 
25-cycle, single-phase, alternating-current motors and 550-volt, 
direct-current motors of equal output is, in general, much nearer 
25% than 10095; while the difference between 15-cycle, single- 
phase motors and 550-volt, direct-current motors of from 100 to 
400 h.p. is still less. 

The author places great emphasis upon the question of com- 
parative motor-weights. If his view of the controlling im- 
portance of this consideration be accepted, it would appear that 
the reduction in the assumed ratio of weight upon which his 
conclusion so largely depends from 2 to 1 to 5 to 4, or less, 
might involve a material modification of his conclusions regard- 
ing the relative values of the contrasted systems. 

2. It is evident also from the paper that its author has failed 
to balance accurately the inherent differences between single- 
phase and direct-current motors. In the light of Mr. Storer's 
oral discussion of this phase of the paper, the majority of the 
assumed disadvantages of the former disappear. 

3. An apparent oversight may further explain how the author 
has arrived at his conclugion. I refer to the fact that his paper 
ignores the very important consideration that in general a pro- 
tected third-rail cannot be located in any position upon the 
existing tracks of our railways which will not involve more or 
less interference with rolling stock equipment. The third-rail 
location adopted by the New York Central, for example, makes 
it impossible to operate over tracks thus equipped large steel coal 
cars of the type now so extensively used. The New York Central 
has met the situation by excluding from its tracks which have 
been fitted up with a third-rail certain classes of rolling stock. 
This special solution may be satisfactory in this instance, but 
in considering anything like a general electrification of trunk- 
line systems the interference of the third-rail with rolling stock 
constitutes a very strong argument in favor of overhead con- 
struction. 

There is nothing in this paper, nor were any facts presented in 
its discussion, which justify a modification of the opinion which 
I have expressed to the effect that the alternating-current system 
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is best adapted to trunk-line operation. The paper under dis- 
cussion uses the 550-volt, direct-current motor in such com- 
parison of alternating-current and direct-current motors as it 
presents, but 1n comparing systems substitutes the 1200-volt, 
direct-current motor for that of 550-volts. This substitution 1s 
materially easier on paper than it would be found in dealing 
with actualequipment. Asa matier of fact, the so-called 1200- 
volt, direct-current system to-day does not exist except on paper; 
and while there is no doubt that it can be developed into a 
working system the paper under discussion ignores difficulties 
in the way of its development and application more weighty 
than any which to-day stand in the way of the complete develop- 
ment of a 15-cycle, single-phase system. 

The New York Central has equipped its terminal with direct- 
current apparatus operating at about 600 volts, and has done so 
for reasons which probably were valid at the time the decision 
was made. It is conceivable that other railways in equipping 
terminals may be led by local considerations to adopt the same 
system. In the light of the discussion of this paper, however, 
it is difficult to conceive circumstances under which engineers 
would be justified in advising the use of 1200-volt, direct-current 
equipment in the electrification of a terminal or short division 
of railways now using steam Jocomotives. The author of the 
paper has advised the New York Central to use 600-volt, direct- 
current equipment in electrifying its New York terminal. He 
intimates that if called upon to do so he would advise the Penn- 
sylvania Railroad to use 1200-volt, direct-current apparatus for 
the equipment of its line between New York and Philadelphia. 
Were this division of the Pennsvlvania svstem to be electrically 
equipped to-dav, it would be done for reasons which a few years 
hence will apply with almost equal force to the company's 
lines between Philadelphia and Pittsburgh. The present state 
of the art as evidenced by the facts set forth in the discussion of 
this paper and of the paper presented on January 25 justifies the 
statement that for the electrification of even short divisions the 
15-cvcle, single-phase alternating-current system at the worst is 
not infertor to the 1200-volt, direct-current svstem. The com- 
parative advantages of the former, of course. increase very 
rapidly with decrease in frequency of service. Under conditions 
of average steam railway service in the United States, which 
were the conditions discussed in the paper presented by Mr. 
Putnam and myself on January 25, the first cost and the annual 
cost of the 1200-volt, direct-current system as compared with 
the single-phase, alternating-current svstem practically prohibits 
the adoption of the former. In view of these facts it would 
seem that there is no place for the 1200-volt, direct-current 
system in connection with the electrification of any part 
of our trunk-line systems. The 600-volt, direct-current 
system will do the work satisfactorily in electrifying a terminal. 
Only the alternating-current system is applicable, as the author 
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of this paper himself suggests, to “ roads of considerable extent 
which operate an irregular and sparse traffic ". Between these 
two there is no sufficient reason to justify the introduction of a 
third-rail system which does not pretend to solve the general 
problem, which can be used only on tracks from which certain 
classes of rolling stock are excluded, and which inevitably would 
introduce additional complication and interference with the 
ultimate standardization of electric railway equipment. 

Frank J. Sprague (by letter): The comments on my paper 
have been varied and interesting, sometimes illuminating, but 
again marked by more of criticism than candor, and offering 
less of proof than affirmation. 

I did not attempt to solve the problem of electric operation of 
trunk line railwavs, but rather 10 set forth some general prob- 
lems, and certain technical facts as I have found them by some- 
what careful investigation. 

I have been taught by a modicum of experience that the 
electrical engineer is apt to approach the larger problem of rail- 
way electrification with a superabundance of confidence, 
undiluted with practical and necessary experience in that par- 
ticular ficld. It has seemed necessary to utter a warning against 
too great a measure of self-reliance, too positive prophecy, and to 
indicate some of the difficulties in the way of achievement. 

I prefer to deal with facts, not theories; performances, not 
promises; and where these are at variance, it is essential that the 
differences should be pointed out. I am, for special reasons, 
probably more anxious than most members of this Institute that 
railway electrification shall prove acceptable and beneficial, and 
I welcome every advance, no matter through what channel, 
which can contribute one iota to that end. So long as equal 
results are attained, it hardly seems necessary to emphasize the 
fact that simplicity is a desideratum of the utmost consequence, 
and I should be glad to eliminate every piece of apparatus be- 
tween a central station and a motor which does not prove essen- 
tial to operation. 

If I express some measure of disappointment, it is because of 
the fact that in spite of all the work done, and my own hopes as 
well, more has not already been accomplished in the single- 
phase, alternating-current motor development, and that neither 
it—nor for that matter what has been done with high-potential 
direct-current motors—warrants approaching the general rail- 
road problem other than with difhdence and hope, and makes 
us doubly obligated to urge the utmost progress along whatever 
path may offer апу advantage whatever. 

Whatever my beliefs, I cannot but chafe at the slowness of 
advance, and the subordination of development on the one 
hand to a fixed ambition, and on the other hand to commercial 
catholicism. I doubt if any member of this Institute questions 
how quickly and radically I would demonstrate my own confi- 
dence in future possibilities if the companies which have borne 
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my name had not been swallowed up in the sea of modern con- 
solidation, instead of my now being obliged to content myself 
with academic pleas for intelligent expansion. 

Quite possibly I have not fully understood the purport of 
Messrs. Stillwell and Putnam's interesting paper, but if so, then 
I have company in such misunderstanding. While it is true we 
are not in entire accord, we are not entirely in disagreement; for 1 
note that Mr. Stillwell accepts historical facts, and is even 
tolerant of my generalities. We do disagree, it seems, in one 
important essential at least. He has ‘ nailed his Вар” to a 
15-cycle mast, guyed by an overhead trolley wire, for trunk-line 
service. I have gently remonstrated, and being something ol 
an agnostic, have said '' I don’t know "—venturing the opinion, 
with which I am quite sure in the end most practical railroad men 
will agree, to say nothing of a large body of the electrical engi- 
neering fraternity, that no present standard can be safely adopted 
to the exclusion of everything else. Such a decision would 
be not only a bar to evolution in the development of the applica- 
tion of electricity to railwavs, but a final expression of opinion 
that invention is at an end, and that the dicta of engineers can 
decide or change the inevitable exercise of individual thought, 
and curtail the activities of competitive manufacture. 

Mr. Stillwell lavs much stress upon the '' conditions of average 
steam railway service in the United States.” The average 
conditions, measured financially, do not, in my judgment, per- 
mit of electrification, which conclusion I have tried to make 
clear, and which is not altered even if I have not succeeded. 

I feel particularly indebted to Messrs. Wilgus and Henderson, 
the former of whom, in his executive position, has had im- 
mediate charge of a great electrical development, and both men 
of wide practical railroad experience, for their common-sense and 
illuminating comments from the standpoint of the steam rail- 
road man, because our tendency as electrical engineers is to dis- 
cuss with too much detail the technique of our profession. 

Now and then in our art, as in all others, some one not too 
closely faceto face with technical problems coins a laconic phrase, 
which one instantly recognizes as expressing the truth in anut- 
shell, and as a crystallization of his own ideas on the subject, 
and then he wonders why nobody thought of it before. Such a 
phrase, and a particularly apt one, is that of Mr. Wilgus’, 
‘evolution, not revolution ". It is the concrete description of 
the progress in the electric rail wav industry since its beginning, 
and it 1s expressive of what it. will be in the future. 

In studving different motors, it seemed wise to expand pre- 
vious methods, and to adopt one capable of wide application. 
Inasmuch as it was impossible within the limits of a paper al- 
readv too long to applv this method specifically to all makes 
and sizes of motors, I contented mvself with selecting one es- 
pecially typical example of direct-current and 25-cycle, alter- 
nating-current motors, supplementing the details of this com- 
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parison by some specific facts about other machines, namely, 
the smallest on regular interurban service, and the largest in 
present locomotive service, presumably a sufficiently wide range 
for illustration of certain facts, leaving the application of the 
specific method to any other case of interest to an engineer. 

In comparing capacities, it is eminently proper that the 
weight-efficuency of electrical equipments should be based upon 
each of two conditions: first, the total weight of motors and any 
connecting device necessary to transmit the power of the motor 
to the axle, this weight, if the trunk frame forms a part of the 
motor, including such additional part as is necessary over and 
above that required for structural purposes; and secondly, the 
total amount of electrical apparatus as above determined, plus 
every device for collecting current or controlling the motors car- 
ried upon the car or locomotive. 

Mr. Stillwell holds that I should compare motors of equal 
capacities, not of equal weights and dimensions, and states that 
since the weight-coefficients of all motors, of whatever make or 
tvpe, increases with the size, there would not in such a compari- 
son have been so great a disparity. Quite true, but the error 
of this reasoning is apparent if one reverses his proposal, and 
compares an alternating-current motor of a given phvsical 
dimension with a direct-current motor of larger physical dimen- 
sions and weight. What a disparity would then appear! I 
do not know that I am particularly surprised at the remonstrance 
which meets the actual comparisons made in the specific instance 
illustrated, for the method intelligently applied is sufficientlv 
instructive for those who wish to know the facts to find further 
application. The meaning and the force of the comparisons 
will not be brushed aside by ex-parte statements of 1solated and 
uncorrelated facts, or by such a criticism of specific motor 
weights and capacities as distinguished Messrs. Stillwell's and 
Storer's comments, somewhat unwarranted in view of mv specific 
statement that the motors were '' both standard modern ma- 
chines "'. 

In order to avoid any just criticism of the curves submitted, 
I selected not only standard modern machines of practicallv 
identical weight, but machines built by the same manufacturer, 
tested under like auspices and by identical methods, and bv 
experts who had no thought that the machines would ever be 
compared in the matter I have shown. Not only are these 
machines of similar weight, but they are almost exactly of the 
same dimensions, of the largest practical size which should be 
put on a truck with a 33-1n. wheel, and as large as should be used 
with a 36-in. wheel when running in the open on a standard rail- 
road. Gear and transformer weights were, as stated, eliminated. 

That an erroneous conclusion might be expressed in comments 
based upon a hasty and cursory perusal of a paper is under- 
standable, but that it should be allowed to stand after oppor- 
tunity to ascertain the facts suggests either great preoccupation, 
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or a hiatus in memory. It is a wise father who is not ashamed 
of an adopted child, and I cannot but regret that Mr. Stillwell 
has so long failed to recognize, in motor X, whose weight, as 
well as speeds and capacities throughout a thermal range varying 
from two-thirds of an hour to five hours were given with exact- 
ness, a machine for which he 15 largely responsible. Its charac- 
teristics are based upon the official technical reports of the 
General Electric Company, the builders of this б. E. 69 B tvpe 
for the Interborough Rapid Transit Company, on Mr. Stillwell's 
general specifications, 418 of these machines now forming part 
of the equipment of that road. They are sometimes “ rated at 
200 h.p. at 300 amperes ”, but actually test to 241 h.p. with 75? 
rise of temperature, according to the standard practice of the 
American Institute of Electrical Engineers. Several hundred 
more of these motors are in use on the London underground 
railways, and 208 motors of similar frame, known as the G. E. 
69 C, built for 50 volts higher normal operation, nearly 100 less 
revolutions at the one-hour rating, but developing, notwith- 
standing, 232 h.p. with like rise of temperature, are in use on 
the New York Central Railroad. Туре Y 15 the С. E. A. 603 
25-cycle, alternating-current motor, and illustrates the largest 
of this tvpe of machines built for motor-car work. 

Call these machines what one will, bv any name which mav 
smell more sweet, the comparisons are on identically the same 
basis, therefore absolutelv proper; and in all fairness comparisons 
of any machines should be made with identicallv the same kind 
of data. When so made, Mr. Stillwell's pyramid may be in- 
verted, and landed on its base where it belongs. 

A similar direct-current motor when equipped with commutat- 
ing poles weighs about 400 1b. more, but in view of a remarkable 
freedom from sparking it can with perfect impunity be steadily 
operated at an increase of potential which will much more than 
offset the increased weight. As an example of what can be done 
with this type of machine, І have seen a standard motor of 75 
h.p. commutator capacity, temporarily fitted with commutating 
poles, operated with an increase of SOC, in voltage, and develop 
over 250 h.p. without a sign of distress. Of course this is 
unusual, and ordinarily prohibitive on account of the speed of 
the machine, but it illustrates the possibilities of an improve- 
ment which I have so steadily urged, and which is now being 
adopted has so largely augmented the allowable working direct- 
current. potentials. If Mr. Storer will compare on the thermal 
basis a quadruple motor equipment of this tvpe with an equip- 
ment of 25-cvcle, alternating-current motors of like permissible 
speeds and weights, the comparison will be somewhat instruc- 
tive. 

With regard to 15-cycle motors, I enumerated with a good 
deal of particularity certain advantages which they individually 
offered as compared with the 25-cycle motor, and especially the 
increase of capacity. I assume there is here little room for 
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disagreement; but granting the full measure of these advan- 
tages, variable in the matter of capacity according to the 
nominal rating, and the ratio of load to that rating, it 
seems quite apparent that the increase in weight of the trans- 
former will largely offset the saving in motor-weight capacity. 
Inasmuch as we are concerned not alone with motor weights, 
but with the total weight which must be carried by the in- 
dividual drivers, and within allowed wheel-bases, this offsetting 
of the saving in weight in one part of the equipment by an in- 
crease in the other cannot be ignored; and the question properly 
arises whether the advantages are sufficient to warrant the 
adoption of the standard in spite of many well known objections. 

It is a curious commentary upon the futihty of prophecy, 
that within a month of the announcement of the necessity of a 
new standard, and within the hour of its repetition, the responsi- 
ble technical engineers of a great manufacturing corporation 
voice, not only for themselves but for a great portion of the 
engineering world, their disapproval of its adoption, and in the 
same breath announce a radical advance in 25-cycle motor con- 
struction which maintains the merits of a higher frequency, and 
removes one of the reasons for lowering 11. 

Comparisons based upon motors designed, but not built, are 
essentially unsatisfactory, and of course they will be more or 
less at variance, depending upon the size and make of motors 
selected. The 15-cycle, single-phase, alternating-current motor 
is too new a machine to have any record behind it. In my 
paper I compared the weights of certain standard quadruple 
motor suburban equipments, designating the motors А and B, 
the former for 15 and the latter for 25 cycles, the weights being 
those officially given bv the manufacturers. These motors were 
of competitive makes, the former being the Westinghouse and 
the latter the General Electric, but, as I stated, I did not deem 
the weights given as final. It will be therefore perhaps interest- 
ing to know that, eliminating the element of competitive manu- 
facture, and comparing recently given official weights of 15- and 
25-cycle equipments made by the former concern, there 1s an 
excess of total weight of a quadruple equipment of nominal 
75 h.p. motors greater than that given in my paper. 

Certain features of the New York Central and the New Haven 
machines have been given so frequently that it 1s unnecessary 
to refer to them further at the present moment, except to state 
that their weight-coethicients are very different, and much in 
favor of the former machines. When large 15-cycle alternat- 
ing-current, and other types of direct-current locomotives are 
built, there will be an opportunity to make further comparisons 
on a hke basis. It may be interesting to note here that the 
recent decision to adopt three-phase locomotives on the Cascade 
Tunnel was because of lack of guaranteed capacity of 15-cycle 
motors. 

Mr. Stillwell says that I do not pay sufficient attention to the 
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cost of the intermediate link between the generating station and 
thelocomotives. I will endeavor to add some information bear- 
ing on this point. 

The New Haven electrical equipment comprises 35 locomo- 
tives weighing 93.3 tons each, or a total of 3266 tons. with an 
aggregate capacity of 35,000 h.p. on the hour rating. Considering 
the individual capacity, the number of machines which will be 
under repairs, the time in the shop and other lay-overs, I believe 
that not over 23 of the New York Central machines would be 
required to do the work of the 35 New York, New Havenand Hart- 
ford ones. The New York Central locomotive weighs 95 tons, 
which will make a total of 2185 tons, with an aggregate capacity 
of 50,600 h.p. The difference in total weight is 1081 tons, and 
on an assumption of an average duty of even 200 miles per day 
there would be an excess of 216,200 daily locomotive ton-miles 
on the New Haven svstem. The difference in the cost of the 
above locomotives would ordinarily be about $400,000. The 
total distance from Stamford to the Grand Central Station is 
33.48 miles, 21.45 miles comprising the single-phase section. As 
I have pointed out in my paper, the direct supply to the overhead 
line from the main station is but a special provision: it does not 
mark any wide application, for step-up and step-down trans- 
formers will be absolutely necessary as a general rule. There- 
fore, for comparison, we may assume on the New York, New 
Haven and Hartford the presence of those transformers. The 
introduction of synchronous converters in addition, assuming 
the same number of sub-stations, would add about $15 per 
kilowatt of normal capacity, so that the $400,000 differential 
in locomotive costs would provide for a synchronous converter 
addition of 26,667 kilowatts, which would have a temporarv 
excess capacity of anywhere from 100 to 200°7,, according to the 
specifications of the engineer and the zeal of the manufacturers. 

But thisis not all. Ina letter addressed to Mr. W. H. Newman, 
president of the New York Central, under date of Oct. 27, 1905, 
and published in the technical press in December of that year, 
in which the abandonment of the system then being introduced, 
and the adoption of the single-phase alternating-current system 
were urged, one of the principal reasons given was a great saving 
in cost of the working conductor system, which it was claimed 
would aggregate $9,000,000 between New York and Buffalo 
on the Central’s line alone. The actual difference in the number 
and cost of equipments which would be required was ignored. 
The estimate per mile of road of a four-track line, with catenary 
construction from bridges over the tracks, and with operation 
at 6000 volts, exclusive of transformers, was given as $12,436. 
Some time afterward an estimate was published purporting to 
give the cost of the New Haven installation, which with addi- 
tional provision of an extension of the bridges to cover six tracks 
instead of four, but not including the additional overhead work, 
was stated to be $27,000 per mile of road, although with operation 
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at 11,000 volts. А careful analysis of actual construction makes 
this, according to Mr. Wilgus' statement, probably over $50,000 
per mile, which I assume is exclusive of any lowering of tracks, 
clearing of right-of-way from trees, or work in connection with 
telegraph or telephone circuits. The cost of the working con- 
ductors of a third-rail system for four tracks, the protected under- 
contact rail being used, supplemented by a main conductor so 
that any of the tracks can be cut out, is much less than this. 

Looking into the matter soberly, then, it would seem that in 
the first really comparative examples on a large scale, the cost 
ofthe working-conductor construction of the alternating current 
system as actually erected is considerably higher than that of the 
third-rail construction, when installed on a trunk-line railroad 
in operation, and also that the cost of equipment to do equal 
work is much higher, this latter difference alone being enough to 
pay for a great abundance of synchronous converter apparatus. 

Just here, I may be permitted to suggest that it savors of 
trespass beyond the proper limits of a discussion of my paper 
when one assumes what my decision would be in the event of 
my opinion being asked as to the equipment of a trunk line 
division. Whenever such decision may be necessary, it seems 
reasonable to suppose that I shall be guided by the particular 
railroad problem under consideration, the real interests of my 
clients, and the then known or probable development in the art, 
quite irrespective of what my decision might have been at some 
other time and under other conditions. 

It seems necessary to emphasize the meaning of restricted 
capacity of equipment for any allowable truck dimensions and 
unit wheel-weights. [repeat that it is a matter of no vital concern 
that 20 or even 40 tons be added to the weight of a freight train 
with any given motor capacity, especially on low-grade roads; 
but it is of the utmost importance 1f either the same capacity 
can be got with fewer units, or 1f, on the other hand, the excess 
weight will give even 50% more continuous capacity. What is 
required in any locomotive is simplicity and capacity ; simplicity, 
to avoid an acute attack of appendicitis when far from home, 
and capacity, to meet the inevitable overload demands which 
will be made upon it by the operating force and the exigencies 
of service. This latter quality has bcen the constant aim of 
every superintendent of motive power, every general manager, 
and every locomotive builder. Larger cylinders and boilers, 
increased tube and grate surfaces, and more capacious fire 
boxes—all demanding greater weight on wheels, continually 
opposed by the limitations of bridges, rails, and ballast, and 
disheartening to the engineer of maintenance and way. 

Need there be any more eloquent and forceful, nay, vital 
plea for keeping down wheel-weights, both individual and as 
concentrated on bridge members, especially when running at 
high speeds, than the appalling number of rail breakages re- 
ported during the past winter, and the recent attack uponthe 
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sufficiency of rail-sections and the integrity of rail manufacture— 
all emphasized by the Carnegie company's report of 20 broken 
rails after a single trip of the Pennsylvania's 18-hour flyer to 
Chicago! 

On the subject of costs, we should be somewhat chary in 
formulating conclusions based upon assumed prices for electrical 
apparatus. Ataformer meeting of the Institute, unit and differ- 
ential prices were given for 15- and 25-cycle electric locomo- 
tives. Mr. Stillwell based his calcluations on $25,000 per loco- 
motive for 25-cycle operation, with a possible reduction of $1,000 
for 15-cycle equipments, this latter difference being enlarged to 
$5,000 per unit by Mr. Storer. Little reliance can be placed 
upon such figures when it is well known that for various causes, 
such as changes in price of labor and material, variation in types 
of motors and locomotive design, the use of alternating-current 
or direct-current apparatus, etc., the unit price of various loco-. 
motives within the last three years has varied, not $1,000 or 
$5,000, but over $25,000, and the actual capacity of the highest 
priced locomotives has been less than that of lower priced ones. 

Mr. Storer has favored the discussion by several positive 
statements, and certain figures giving the capacities and effi- 
ciencies of various types and sizes of motors. As presented, 
these are interesting but not conclusive; I submit that it is im- 
possible properly to discuss them unless sufficient data are 
given to analyze them on the thermal basis after the manner I 
have indicated. There is nothing mysterious about it; and if in 
addition to the thermal curves, there are submitted the de- 
tailed statements of the weights of apparatus which go on a car 
or locomotive, we will be in possession of that much needed 
information urged before the standardization committee of the 
Institute as essential to a full understanding of machine 
performance. Engineers need the facts, but they should be 
complete, not such selected ones as manufacturers are sometimes 
inclined to submit for digestion. 

Reference to the relative torques attained by continuous and 
intermittent currents is unfortunate, for 1f there 1s any charac- 
teristicof single-phase operation which 1s particularly noticeable, 
it is the slow acceleration of cars equipped with such motors; in 
other words, the lack of motor torque with equal gear reductions. 
The reasons are too well known to waste time discussing them. 
Mr. Steinmetz very aptly puts the case in a nutshell when he 
states that no matter how good a single-phase alternating- 
current motor is, when put on a continuous-current circuit it is 
a better motor, and it then becomes possible to re-design a ma- 
chine to get more capacity out of a given weight, or less weight 
and less cost of construction for a given capacity. Possibly the 
self-repairing characteristic of the motors referred to by Mr. 
Storer may be explained by the fact that, weakened by an 
alternating current, they broke down when put on to a grounded 
circuit, and when put on to a lower potential metallic circuit they 
managed to function. 
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It is а new theory in mechanics that reduced clearances 
and allowable wear of working parts is preferable to ample lati- 
tude in these matters. With regard to gears, it is quite possible 
that on the motors with which he is acquainted the same 
gear-pitch 15 used on slow-speed direct-current motors and high- 
speed single-phase motors. It might occur to one that per- 
missible strength of parts in one case 15 sacrificed to the manu- 
facturing requirements of the other. 

I confess to a stenographic error in the matter of the minimum 
number of poles on single-phase motors. Of course, most people 
know that four instead of eight poles are used on certain sizes of 
motors; but there are other manufacturers, and 14-pole machines 
have been proposed. 

It is quite true that locomotives are not intended to stand 
still—Mr. Storer remarks that they are intended to move. 
Undoubtedlv, but it is likewise necessary to start a train, 
or perhaps hold one on a grade, and there are times when a 
machine, if a part of the equipment fails, may be called upon to 
stand very considerable periods of steady pulling without 
actually turning, and certainly great overloads. A little greater 
familiarity with practical railroading would perhaps show him 
instances in which locomotives are really not intended always to 
go, but sometimes actually stand still and push, and keep on 
pushing. A case in point 1s the operation of freight trains on 
long up-grades, where the helper locomotive, well back from the 
head of the train, is frequently called upon, when the leading 
locomotive pulls up on signal, to hold the train with full head of 
steam against slackened draw-bars, and to prevent it being 
pulled їп two when the leader starts again. 

It will not do lightly to dismiss the New York Central type 
of machine from further discussion, or possible notice, bv re- 
marking that there 15 but one single installation of this tvpe. 
That is quite true, but it happens to be the largest electric loco- 
motive installation in the world, and this particular group of 
machines 1s now probably doing more work than all other electric 
locomotives of trunk-line size which have been built in the United 
States in the last twenty years. It is, therefore, a machine 
which must be seriously reckoned with. 

Mr. Scott seems to favor alternating-current braking by return 
of energy to the line, and even claims it to be more effective than 
direct-current braking on a closed circuit. His present attitude 
on the subject 1s a reversal of position assumed but a short time 
ago by his associates; but this is 1n accord with the change of 
heart on multiple-unit operation and commutating-pole railway 
motors. 

In referring to the discussion of Mr. Carter's paper before the 
Institution of Electrical Engineers, I did not state it as a fact, 
or my opinion, that there is 10% lower electrical efficiency 
in a single-phase motor as compared with the direct-current 
current motor, but quoted Mr. W. M. Mordey, a well known 
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advocate of single-phase apparatus, and for the purpose simplv 
of illustrating the fallacy of assuming that the location of the 
excess loss, no matter how much, is a matter of indifference. 

Of course, as Mr. Scott says, by varying the voltage taps on a 
transformer, the speed with any given torque can be reduced 
below that corresponding to the maximum working potential. 
I might add that the capacity 1s reduced in the same ratio, and 
there would be little effect upon the comparison of weight-co- 
efficients. 
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DiscussioN ом “ LIGHTNING PHENOMENA IN ELECTRIC CIR- 
CUITS”, '" PROTECTION AGAINST LIGHTNING, AND THE MUL- 
ТІСАР LIGHTNING-ARRESTER’’, AND “New PRINCIPLES IN 
THE DESIGN OF LiGHTNING-ARRESTERS", AT NEw YORK, 
Marcu 29, 1907. 


F. A. C. Perrine: Dr. Steinmetz gives a clear description and 
classification of the lightning phenomena that aid us greatly 
in understanding the problems and the methods proposed 
for meeting them. They are, however, the simple prob- 
lems; there is vet to discuss what occurs when two sets of 
waves started from different points on a long transmission line 
eventually come together. Aside from the increased constants 
(capacity and self-induction) I think there will be additional 
difficulties, due to the fact that in a long-distance transmission 
line traversing a great area there may be a storm at a certain 
part of the line and clear weather at another part; or there 
may be two independent storms in different parts of the line, 
giving lightning effects which induce waves that meet and 
combine, and increase the effects. Otherwise there would not 
be so much difficulty in protecting fairly well a long and ex- 
tensive low-potential distribution system. 

I am inclined to disagree with Messrs. Rushmore and Dubois 
in regard to the horn arrester. The real theory adopted by 
those who have used the horn arrester is largely left out of this 
paper. The horn arrester, where used successfully, has been 
used on the principle that the wave trains which Dr. Steinmetz 
has been explaining do not in themselves produce potentials 
that will break down the insulation of high-potential lines. 
The principle is that money would be better spent in erecting 
lines so as not to make the insulation subject to breakdown 
by wave trains of relatively low potential, such as would have 
to be guarded against in lower potential lines. The horn ar- 
rester is introduced with the idea of saving the apparatus from 
destruction where any other form of arrester would not itself 
be destroyed, and even if protected, the machinery would lie 
open for damage in the further continuance of the storm. This 
is a condition frequently met with in the introduction of the 
multigap arrester even of the best form. With extreme cases, 
which Dr. Steinmetz has described, of the short-circuiting 
potential and discharge across the arresters of extraordinarily 
high energy, the multigap arresters generally fail and the line 
is then left unprotected even if the machinery is safe. 

At a recent meeting of the Institute, in referring to the light- 
ning-arrester problem, if I remember correctly, Mr. Mershon 
said he used three sets of horn arresters each of a different value 
of resistance in series. That system has had, say, a year of 
operation at Niagara Falls. While it has demonstrated that 
the system of protection is not complete—requiring for certain 
types of discharge that come from the line a set of multigap 
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arresters in connection with the horn arresters situated prob- 
ably inside the station—yet the horn arresters will discharge 
over the multigap arresters, and these high-frequency dis- 
charges are discharged over the multigap arresters harmlessly. 
At the same time the horn arresters discharge the low period- 
icity surges which are usually destructive to the multigap ar- 
rester. 

I do not agree with Mr. Rushmore and Mr. Dubois that the 
horn arrester is better adapted for discharging high-frequency 
discharges. As a matter of fact the opposite is true. As 
stated by Mr. Creighton, the higher the frequency of the dis- 
charge the more rapidly is it carried over the multigap ar- 
rester. The low-frequency discharges are not so well taken 
over the multigap arrester, whereas with the horn arrester the 
low-frequency discharge is more rapidly taken over than with 
the multigap arrester. 

In the present state of the art, excluding the electrolytic ar- 
rester described in one form to-night and in another form by 
Mr. Jackson a few months ago, I think the best protection is 
a combination of the horn and multigap arrester; the multigap 
arrester to take charge of the relatively high-frequency dis- 
charges, and the horn arrester to take charge of the low-fre- 
quency discharges. 

I think that the construction of a polehead to take care of 
the overhead ground wire is open to criticism. In the first 
place, the pipe is an extremely bad piece of engineering. The 
connection to-the pole is not good, for the amount of leverage 
shown is excessive; and I confess that for the present I cannot 
see how a workman is going to attach a ground wire, #-in. in 
diameter to the top of the pipe, unless there is some means 
provided for hauling up the wire to prevent the dead-end from 
being pulled over. 

As regards the guard-wire put on the arm, as a horn arrester 
to protect the insulator, I cannot see how that particular form 
of arrester will do other than hold the arc. If an opposite horn 
were brought out from the linc, and a horn arrester made there, 
it would discharge and protect the insulator In the same 
connection the authors speak of the specification for this over- 
head wire. I have always believed that a barbed wire, if made 
properlv, is a better means of line protection than а smooth 
wire; at the same time I question very much whether a satis- 
factory barbed wire arrester can be made. I prefer a three-wire 
lin strand of high grade steel to a $-1n. stranded steel. 

The treatment of the multigap arrester adds to our knowledge 
of the manner of action of this bit of apparatus. Mr. Creighton 
explains particularly the influence of the rectifying effect ofthe 
non-arcing metal (to refer to Wurts' term). The capacity effects 
described in the paper by Messrs. Rushmore and Dubois are simply 
in addition tothe effect of the series resistance or shunt resistance, 
and in addition also to the rectifying effect of the metal in the 
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gaps--and metal which will rectify 15 absolutely necessary for the 
success of the multigap arrester. Mr. Creighton explains in an 
interesting way the function of the resistance in connection with 
the multigap arrester. Не calls attention to the fact that 
there is really no radiation from the resistor in such an ar- 
rester; and in forming such resistor there must be taken into 
account the specific heat of the material and the extent of the 
metal, so that it may absorb the energy. At this time, and 
I believe for the first time, our attention is called to the fact 
that the radiation of the resistor is relatively unimportant. 

We seem to have here an entirely new form of electrolytic 
arrester. The principle Mr. Creighton describes is of 
actually striking an arc in the electrolyte, and so obtaining 
the benefit, as a resistance, of the counter electromotive force 
of the arc is very important indeed. We all know what Edison 
said of his storage-battery:*'' The damned thing is wet." This 
apparatus is not only wet, but it relies for its action on the 
formation of an arc within the arrester, which I should sup- 
pose would very rapidly evaporate the electrolyte, and the cells 
would require considerable watching in order to keep the elec- 
trolyte at a certain level. 

As Dr. Steinmetz has aptly said, lightning-arrester problems 
cannot be efficiently studied in the laboratory. At the same 
time our somewhat restricted methods of work in the laboratory 
can better be explained and extended to practical use by means 
of the oscillograph than by any other means. The laboratory 
work on the electrolytic arrester of Mr. Creighton is of great 
importance, particularly because he shows his arrester as a 
single-gap arrester; in other words, a horn. At the same time 
he shows how the horns can be set close enough together so 
that they will take care of the high-frequency, low-potential 
discharges as well as the low-frequency, high-potential dis- 
charges; this gives practically a single horn arrester with a 
variable resistance in series, which is all that the horn arrester 
needs in order to become the best arrester that can be made. 
Furthermore, the electrolytic arrester puts what amounts to 
practically a variable fuse in the circuit, as well as а variable 
resistance, and it gives also a replaceable fuse. In my mind 
the need of the fuse is the greatest criticism that can be 
made of the arresters shown by Mr. Rushmore. АП these 
arresters have fuses in them. If they are meant to blow, I 
feel quite sure that all operating men will agree that 1n a serious 
thunderstorm, such as occurs in the South or in the Colorado 
region, they will never be replaced after they have once blown 
during that storm. I do not know of any man with nerve 
enough to go near an arrester to put in a new fuse. 

This substitution of a variable resistance, counter electro- 
motive force, and a replaceable fuse and single gap arrester which 
is described by Mr. Creighton, is, in my mind,the practical 
solution of the lightning-arrester problem. I believe if this is 
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worked out commercially we will be much nearer the complete 
solution of this problem than we have ever been before. 

Farley Osgood: I will not attempt to discuss the papers in- 
dividually, but will endeavor to contribute some corroborative 
evidence concerning the problem as a whole. Experience seems 
to show that lightning protection is an individual study for 
each individual plant, and for each individual localty. In 
talking with other operating engineers, I find that they use quite 
different methods of protection from the ones we use and they 
are equally successful or unsuccessful. Each man seems to have 
his own ideas about it, so I think that the lightning-arrester 
problem, like some of our other problems, is going to be a 
rather difficult one to standardize. I do not think the difficul- 
ties of atmospheric conditions are so very serious, generally 
speaking. Dense fog causes most of the trouble to our outside 
svstem; during other times we seem to get along without 
difficult v. 

I will now relate some actual experiences occurring in a 33,000- 
volt transmission svstem, of 60 miles, carrving three sub- 
stations, with power and lighting load, and 60-cycle synchronous 
converters. The multigap arrester with the resistance in series 
with the gaps, was used in 1904 and 1905, and was finally given 
up because the series resistance sticks broke and the protection 
was lost. Тһе next year we took up the multigap arrester 
without the resistance sticks in series. This arrester, as can 
be seen from the photographs here, was very easy to adjust 
by changing the units to be shunted and changing the resistance 
of the shunt. We started with 14 units of 24 gaps cach, shunting 
three units with 14 sticks, 250 ohms per stick. This equipment 
was gradually reduced until we used 10 units, to the multiple 
connection between the phases, and ten units below the multi- 
plex, shunting 5 units with seven 250-ohm resistance sticks. 
We found by the tell-tale papers that with seven 250-ohm re- 
sistance sticks the current would seldom pass through the 
shunt resistance. We reduced them to five and then found 
that we got at least half the discharges through the shunt, some- 
times more. This arrester, adjusted in this way, has been suc- 
cessful. It takes light discharges without the slightest difh- 
culty; it takes moderate discharges with but very httle difficulty; 
it takes very severe discharges at times, but these severe dis- 
charges are apt to cause the cylinders of the arrester to weld 
together, which of course puts the arrester out of service. 

Another thing that has been noticed is that the discharge 1s 
more frequently line to line than line to ground. The 
1906 record shows that we have taken 1n some storms twenty 
discharges without an interruption to service, our time-limit 
breakers being set at six and a half seconds. We have taken 
17 discharges without interruption, the eighteenth discharge 
opening the breaker. I could cite case after case of storm 
in the surrounding country, but not directly on the system, 
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where there were intermittent discharges between the phases 
to the extent of fifteen, or even as many as twenty-five in the 
course of two or three hours, without the slightest indication of 
interruption. This is the best record we have been able to 
obtain with protective devices. 

Mr. Rushmore and Mr. Dubois speak of choke-coils. We have 
found them very effective, and consider that they are a great 
protection to the high-tension bus-bar insulators. A 20-turn 
coil 6 in. in diameter made of 00 copper seems to answer our 
purpose fairly well. 

Dr. Perrine objects to the electrolytic arrester on account of 
its being wet, but I see no reason why it should not be made 
water-tight. 

I do not wish to talk very much about Mr. Creighton's tests, 
although it was my pleasure to be present at the time they 
were made. I can simply corroborate what he says, that some 
40 arcs, five feet in length, were drawn by grounding one phase 
wire just ahead of the liquid arrester. The multigap arresters 
just described, the record of which just given shows that they 
are very sensitive, were in parallel with the liquid arrester. 
Not once was there any apparent discharge on any of the units 
of the multigap arrester. These tests were made with 30 
miles of circuit cut in. 

Dr. Perrine speaks of the length of the transmission line having 
a great deal to do with the matter of protection. That seems 
to be true. In our experience we found wave peaks developed 
bet ween stations, which do much damage before the arresters at 
the ends of the line begin to help out. We installed what we 
call our midway arrester, a multigap installation about 10 to 12 
miles from the power station. Immediately after this was put 
into service the constant static discharge on the power station 
arresters and the sub-station arresters was cut down nearly 
one-half, and the constant static discharge at the midway 
arrester was greater than at the generating station or at any 
of the sub-stations. That seems to be fairly good proof that 
arresters on the line are a good thing. For the benefit of other 
operating engineers, I might state that this arrester equipment 
is very near the patrolman's house, so that it is easily con- 
trolled. 

One great trouble in following the study of arresters is to get 
definite information concerning the action of the arresters. 
We do our best with tell-tale papers, but it is very often im- 
possible to replace a tell-tale paper after a discharge comes, for 
another discharge comes so soon and operators have other 
things to do besides watching the arresters. Our tell-tale 
papers burn up during severe storms, and this destroys our 
records completely. I would suggest that a tell-tale paper 
which would not take fire but which could be prepared to show 
a puncture, would help us to obtain better records. It is a 
difficult matter to get the operators to realize the importance 
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of following every lightning storm, to the extent of counting 
the number of discharges, but if proper forms are made for this 
purpose I see no reason why the study cannot be carried on 
without great difficult y. 

The worst operating condition we have to meet is that due 
to grounding. More damage is done when a phase grounds 
than at any other time. I am not prepared to say that 
grounds only are responsible for the destruction of apparatus, 
but more apparatus is destroyed when there are grounds than at 
any other time. Mr. Creighton’s liquid arrester, which was 
connected for the protection of grounds on the system, apparently 
solved the problem completely. The development of the 
liquid arrester brings out the fact that at least for grounds it 
may be necessary to have arresters only at the generating end 
of the system, or at least at the extreme ends, with no equipment 
in between. The power of self-restoration of the electrolytic 
arrester is one of its most beneficial qualities. 

P. H. Thomas: It is interesting to note that most engineers 
are in agreement in the matter of protecting apparatus from 
damage by lightning. The multigap arrester with shunt resist- 
ance, ignoring the electrolytic arrester for the present, seems 
to be the most promising direction in which to work. The 
differences in commercial designs now are comparatively small. 

In general I agree with nearly all that 1s said in these papers, 
but there are some things still open to an honest difference of 
opinion. Unfortunately, it 1s necessary to emphasize the things 
we do not agree with, even ifthey are not so important as 
some things we may approve of. 

I do not know that I agree with Dr. Steinmetz's new definition 
of lightning. We must of course recognize the fact that an ar- 
rester is not only effective, if it 1s effective at all, against light- 
ning, but also against the other sorts of static disturbances; 
but if we want a general term, rather than change the time- 
honored significance of “ lightning," I would suggest the word 
"static," which has been pretty generally used. Another 
thing which does not appeal to me isthe analogy that Dr. 
Steinmetz makes between electrical wave phenomena and 
the surf of the ocean. The reference to surf presumably 
means the dashing of spray which results from the pound- 
ing of the water against a surface, either the horizontal 
surface of the beach, or the overhanging surface of a rock. 
As we all know, in the electric circuit. capacity 1s analogous to 
the spring or to elasticity; that is, the freedom of the water of 
the ocean to move upward in the analogy. Self-induction is 
analogous to inertia. The analogy of the splashing of water, 
where it strikes against an opposing surface, is the breaking, ог 
instantaneous stoppage of the flow of current; it 1s in the nature 
of the Wehnelt interrupter, or the low-tension break in a 
Rhumkoff coil. The phenomenon in a transmission line, 
when a wave meets a reflecting point, is truly analogous to the 
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wave in the water reaching a perpendicular smooth wall; the 
wave will rise to double the height, but there will be no splash- 
ing—a plain, simple vertical rise. If the wave be in a trough 
of water, and the trough tapered off to a point, and the taper 
commensurate with the length of the wave, there will be a rise 
of potential, but not a splash; a normal, straightforward rise. 
There is evidently no break in the continuity of a transmission 
circuit on the reflection of the electric wave. | 

I am more inclined to agree with. Mr. Rushmore than with 
Dr. Perrine in connection with the horn type of arrester. I 
think we are far enough advanced to protect our apparatus 
without the very annoying disturbances of shutting down 
the plant. The grounded wire is certainly some protection, 
but, as Mr. Rushmore says, not complete protection. Опе of 
the difficulties, even if the wire is placed directly overhead is 
that the discharge which strikes the line 15 more apt to come 
from the side. Coming thus, it approaches one of the side 
wires before it does the grounded wire, and there is frequently 
recurring on these lines alternately positive and negative poten- 
tial, which will tend to draw the discharge to one of these wires 
from the ground wire. It is often suggested that a grounded 
wire, 1f it be grounded frequently, will act effectively in reducing 
the severity of discharges, on account of the short-circuiting 
secondary action. It does not seem to me probable that the 
effectiveness of this action will be at all considerable, and for 
this reason—to produce any corrective effect the reaction of 
the induced current on the primary circuit must be considerable. 
Take an ordinary static transformer, where the reaction of the 
secondary on the primary is virtually perfect. To accomplish 
this result it is necessary to have an iron core and the closest 
relationship between the primary and secondary windings. Inthe 
constant-current regulating transformer, where there is pro- 
vision to separate the windings, if the coils are close together, 
there will be a nearly perfect relationship between the primaries 
and secondaries, and a nearly perfect reaction of the secondary 
on the primary. But if the secondary is separated from the 
primary, the effect of the secondary on the primary is almost 
negligible. 

In his admirable discussion of the principles covering the 
discharge through a series of gaps, there was one thing Mr. 
Rushmore did not take into account, and that is the fact of the 
leakage of current over the surface of the insulator between 
the cylinders. This will tend to distort numerically the con- 
clusions reached. If this phenomenon gives trouble in designing 
arresters, it 1s easily controlled by placing a considerable gap 
in series with the arrester, between the lines and the first cylinder. 
or by using a shield connected to line. А great deal of stress 
has been laid on the fact that in virtue of the resistance 
adjustments the arrester Mr. Rushmore has designed will not 
break down on lower voltages at high frequency, than 
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at a low frequency. Offhand, I do not see why if a high-fre- 
quency disturbance will go to ground more readily than a 
low-frequency disturbance, it should not be permitted to do so. 
If this resulted in a too frequent discharge of the arrester, it 
would be harmful, but our experience does not appear to indi- 
cate that such 15 the case. 

The term ‘‘rectification of vapor" has been used several times 
to-night to explain the non-arcing property of a multigap ar- 
rester. The significance of this term I cannot quite understand. 
Vapor consists presumably of an aggregation of atoms or mole- 
cules, and since the atoms or molecules move freely in an en- 
tirely accidental manner, I cannot understand how this vapor 
of itself can have any directive effect. I think the action can 
perhaps be explained in the following manner: it is pretty well 
agreed that an arc starts by the ionization, through potential 
strain, of the gases between the electrodes, by which ions are 
liberated. They are then forced to move extremely rapidly 
by the high potential and produce other ions, until finally 
there is such an increase of temperature and such an increased 
ratio of ionization, that the quantity produced is sufficient to 
carry the normal arc current at a low voltage. 

It is now easy to imagine in these narrow gaps between large 
cylinders in the multigap arresters that when the discharge 
comes along, ions are produced in this way, but that the instant 
the discharge and normal current ceases at the end of an alter- 
nation, in view of the close neighborhood of the conducting 
cylinders, the ions which would otherwise hold over until the 
return of the voltage are freely absorbed by the metal. The 
fact that an easily vaporized material is used in the composition 
of the cvlinders will keep down the temperature; and since 
ionization. is very closely related to temperature, the high 
temperature very much increasing the ionization, this effect 
wil account for the properties of different materials. The 
current is of course carried by the movement of the positive 
ions to the negative pole, and the negative ions to the positive 
pole. 

I would like to ask Mr. Creighton whether in his tests the 
results are based on anything more than the work with the 
2300-volt outfit described here? that is, whether higher voltages 
or larger powers were used? 

E. E. F. Creighton: We have taken some measurements at 
higher voltages, but we have not made as complete a study of 
them as in the case of the 2300-volt. machine. 

Р. H. Thomas: Тһе question of power behind the tests is 
absolutely of importance in this sort of work, and inherently 
the higher the voltage the more difficult to handle. Personally 
I should be verv skeptical of the general non-arcing quality of 
this arrester without series resistance, and unless there are 
other data than what appears here, I should not suppose it 
would be safe to infer anything as to its general non-arcing 
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quality. We find in one of the oscillographs, Fig. 4, that 200 
amperes absolutely cuts the generator voltage down from 2,000 
to a few per cent. of this value, showing a very limited capacity 
of power behind the arc. Similarly with Fig. 5. 

V. G. Converse: Having installed at the plant with which I am 
now associated a considerable equipment of horn-gap arresters, 
I may perhaps be expected to take exception to the comments 
made in Mr. Rushmore's paper regarding this arrester; on the 
contrary, I quite agree with him. However, Mr. Rushmore 
states: 


Where a fuse is used in series with a horn having no resistance, it 
can, of course, take but the one stroke, and after this the system is 
unprotected. 

This objection can be overcome by the use of repeating fuses 
arranged so that if one fuse blows, a switch drops, connecting 
in a second fuse; if the second fuse blows, a third is connected 
һу a switch, and soon. If the fuse is of a proper enclosed form, 
it in itself very nearly meets Mr. Rushmore's requirement for 
the ideal arrester; but such a device may not be termed a horn 
arrester as the horns are no longer necessary. 

Mr. Rushmore further says: 

The real function of the horn arrester is its use to protect insulators 
along a transmission line, where the horns are so arranged that the cur- 
rent will jump to the horn before it will arc around the insulator. In 
this case the system would be disturbed either way. Where it is 
allowed to arc around the insulator, the latter would probably be de- 
stroyed and the time of disturbance of the system might be considerable 
—possibly until the insulator is replaced. ith a horn protecting the 
insulator, the resulting short-circuit, while very undesirable in itself, is 
less disastrous than in the former case, and may only necessitate start- 
ing up the synchronous apparatus again. 


From my experience, and I believe that it will be found to 
be the experience of others, the principal lightning troubles 
on a high-tension system are stated in those few sentences. 
The Ontario Power Company during the whole of the last season 
had only one discharge of consequence over its arresters at the 
generating station, but had a considerable number of discharges 
along the lines, which caused interruptions of service. 

The lightning-arresters described in these papers are essen- 
tially station arresters, and while it 1s gratifying to learn that 
satisfactory results are promised for this purpose, it should 
not be overlooked that for continuous operation, line lightning 
protection is also of great importance, for which other arresters 
are required. 

D. Dubois: In regard to the breakdown of the high-voltage 
arresters at a low-frequency power surge, a little more should 
be added. As the voltage rises, and before it reaches a dan- 
gerous value, the gaps G,, Fig. 3, arc over. As explained, the 
voltage to break down these gaps must be higher than if no 
resistance were used in series. With these gaps broken down, 
the current of the arc across them is limited by the high re- 
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sistance to about ұқ ampere, which gives about 80 volts drop 
per gap. The remainder of the voltage is consumed in drop 
across the resistance rods and is thus applied across the gaps 
Сл. Although this voltage is less than that which broke across 
G,, the series resistance is less, and approximately the same 
number of gaps will therefore break across at this lower voltage. 
With G, and Сб» broken down, the increased current gives a 
smaller drop in the gaps, but twice the number of arcing gaps 
are now in series. Therefore the number of gaps in G,, 1s made 
the same as in б, and Сл. These three sections should all arc 
over in succession at very nearly the same voltage. 

In this arrester the different kinds of hghtning will follow 
different paths through the arrester, and test papers should 
be more useful than ever before in determining the nature of 
the discharge. Test papers should be placed in all four divisions 
of cach line leg, and in the three divisions of the ground leg. 
Designating the different divisions as in Fig. 33, G,, Ga, Ga, 
etc., the different kinds of lightning should produce punctures 
and burning as follows: 

Static charge of the line relieved or a very light discharge— 
G, small shghtly burned pin-hole, others not touched. 

Low-frequency surge of small power, or discharge of medium 
frequency—G, and Ga small burned holes, others not touched. 

Low-frequency power surge, or abnormal rise of power 
voltage—G,, G4 and G,, well burned holes, G, not touched. 

High-frequency discharge of the arrester—G, and Сб» small 
burned holes—G,, and G, punctured, but not burned. 

The test papers of the ground leg can show whether the dis- 
charge took place from line to line or from line to ground, and 
whether the line became grounded during the discharge. 

Wm. McClellan: While deciding on the lightning protection for 
a sub-station which takes current at 60,000 volts and delivers it 
at 11,000 volts to a trolley line, we were impressed with the 
well-known fact that the sclection of lightning protective appar- 
atus depends on the amount of power back of the stroke and the 
voltage of the line to be protected. For the 11,000-volt circuit 
a form of multigap arrester was used. Perhaps some of these 
multigap arresters are better than others, but any well-designed 
one will answer for low voltages. The small amount of 
lightning that we have had this vear has burned the gaps 
somewhat; this we know is the chief difhcultv in connection 
with the multigap arrester. For the 60,000-volt lines, outdoor 
arresters of the horn tvpe were used. There are three horns 
on each leg of the three-phase circuit. In series to ground with 
one of these horns is an enclosed indicating fuse 6 ft. long; this 
fuse works very definitely and positively, although it has not 
yet operated in connection with lightning discharges. A second 
horn has in series to ground a resistance made up of concrete 
blocks. The third horn has in series to ground one of the electro- 
lytic arresters described by Mr. Jackson several months ago. It 
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is hoped to show that the electrolytic arrester will take care of all 
discharges through the lightning season. If this proves to be true, 
increasing experience will warrant us in discarding all other 
types and depending solely on this type of arrester. 

Such an arrester is in the nature of a safety-valve. As soon 
as the pressure rises to a certain critical point, it provides a 
free path of very low conductivity to ground; and when the 
accidental pressure on the line is relieved, the arrester comes 
back to its normal resistance. Such an arrester will be oper- 
ated with a gap in series just large enough to prevent the 
normal voltage from breaking over. А horn in this case 15 
entirely unnecessary, since the arc is opened by the small 
arrester current after the accidental high voltage is relieved. 

I agree in general with everything that is said in the paper in 
regard to the horn arrester, but I do not beheve in an arrester 
consisting of various horns with graded resistances. When 
extra turns are put on the transformers and powerful insulators 
on the line, all designed to take care of the certain rises in voltage, 
there seems little use in applying horn gaps with high resistances 
in order to relieve the line of rises in voltage slightly above normal. 
I think the horn arrester has been found useful only in those 
places where there is sufficient power back of it, so that the 
current passing over the horn is not large enough to shut down 
the station. In other words the horn type is successful in those 
few places where one can wait for the horn to open the circuit. 
It should be remembered, however, that under certain wind 
conditions, and also if the horn is not correctly shaped, it may 
be anexcessively long time in opening the discharge circuit. 

My faith in the electrolytic arrester has grown, so that 
for circuits of approximately 11,000 volts I would be inclined 
to use this arrester indoors; for circuits of approximately 
60,000 volts I would use the electrolytic arrester also, with or 
without a horn, supported, however, as a last resort by a 
sturdy gap with enclosed fuse in series to ground. Such an 
enclosed fuse containing a No. 30 copper wire will open the 
discharge circuit in less than one cycle, whereas from 30 to 60 
cycles is the usual time for the horn type under the best con- 
ditions. With either, on all circuits, choke-coils should be used 
beyond the arresters. 

К. P. Jackson: Regarding the non-arcing quality of the so- 
called non-arcing metal: Mr. Rushmore, I believe, ascribed it 
to the boiling point of certain elements in the alloy. I think 
one thing has been lost sight of. Years ago, when Mr. Wurts 
first made the discovery of non-arcing metal, he found that 
there were certain metals belonging to one group that had that 
quality to a large degree, and other metals did not have that 
quality to any considerable degree or to any degree at all. 
These metals were cadmium, mercury, and zinc. They are 
all monatomic; that is, their gases are formed of molecules of 
one atom. This has a very important relation to the non-arcing 
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quality, in that the gases have twice the volume that gases from 
other metals have. Also it is highly probable that a com- 
paratively small number of ions will exist in the gases. There- 
fore, there would be much less ‘chance for the arc to establish or 
maintain itself, and possibly a much greater local pressure when 
the spark occurs in the gap; that is, when the spark passes 
there will be between the surfaces of the metal a momentary 
great rise of pressure. 

In regard to the “ideal?” arrester, I think that it must Бе 
considered as a reasonable development from previous arresters 
used. The original non-arcing metal consisted of a single row 
of gaps. It was found several vears ago that double the num- 
ber of gaps, with half of them shunted, would form an arrester 
of the same equivalent as the orginal gaps. This can be ex- 
tended, adding more resistances and more gaps, gaps being 
shunted bv the resistance; but the equivalent begins to rise, 
and if another step is added, it mses somewhat more, and soon 
gets to a point where nothing is gained. There is not very much 
to be gained from more than the one step; but the equivalent will 
not rise quite so rapidly as the number of gaps themselves. The 
explanation seems to be that there is a time-period in the 
breakdown of the paps; that is to sav, they are not simultaneous, 
but consecutive. 

Fuses are very good devices where they are properly arranged. 
In several places I have tried a fuse in parallel with the series 
resistance of an arrester. Such fuses will perhaps blow once or 
twice in a season; but when they do blow, they are badly needed. 

Regarding the horn arrester, I am not sure that the rising 
of the arc is due to magnetic effect. Experimentally I have not 
found that true. I understand that at the Ontario Power 
Company's station the horns were arranged with coils to increase 
the magnetic. effect, without much gain being found. I think 
the virtues of the horn arrester Пе chiefly in its mechanical 
characteristics; it is comparatively simple and cheap. It has 
some non-arcing or arc-suppressing quality, but it has no such 
arc-suppressing quality as the multigap arrester. If something 
can be put in series with it that does not offer great impedance 
to the discharge of lightning or other energy, it may become 
useful. 

The electrolvtic arrester, so far as I have been able to learn, 
has just the characteristics that Mr. McClellan describes. It has 
a certain equivalent that is controlled largely by Ohm’s law. 
If the area of the plates or the electrolyte 1s increased, the 
equivalent is decreased. If the length of the electrolyte is in- 
creased the equivalent is increased, and that equivalent seems 
to have comparatively little relation to the volume of discharge 
through it, so that it seems possible to predetermine the voltage 
which could escape through the arrester and simply short- 
circuit everything above that. In the type of electrolytic 
arrester Which I have used, however, I do not consider it to be 
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the counter electromotive force that limits the power current; 
there seems to be a dielectric film, and that film is capable of 
puncture and also capable of resealing when the voltage drops 
below a certain point. It acts like a valve with a spring behind 
it. When the film 15 punctured, if the excessive static voltage 
exists long enough, there will be a very large power current flow- 
ing through, but of course the high voltage due to lightning or 
surges exists for a very short interval, so the power that follows 
is insignificant. 

C. P. Steinmetz: Omitting the fuse shunting the gaps re- 
quires that the gaps be always left in circuit, so that after the 
fuse blows there 15 still the same protection to the system as 
there would be when no fuse is used. The fuse gives a far better 
protection for most of the time and under most of the conditions 
than would be permissible without it. This use of a fuse, there- 
fore, is not analogous to the fuse in series with the horn arrester. 

Some of the questions raised refer merely to matters of 
terminology and would be very interesting discussions to fill 
the volumes of a purely scientific body. They are of compara- 
tively little interest to an engineering society; for instance, 
whether the effect of some metal cylinders discovered by Mr. 
Wurts, and published in his classical paper fourteen years ago, 
might be called rectifying, or might be due to some mysterious 
action of some mysterious bodies, ions, jolting around in some 
manner—all this is quite immaterial to me. Mr. Wurts called 
the phenomenon '' non-arcing ". Mr. Creighton finds two con- 
ditions: first, if the shunt. resistance is low the disruptive dis- 
charge across the cylinder is not followed at all by the generator 
current; secondly, the disrupted discharge is followed by the 
generator current during one-half wave, but no further; that 
is, no reversal of the generator current can take place. Mr. 
Creighton adopted Mr. Wurts' term for the first condition; 
that is, called the case “non-arcing’’, where no generator current 
follows, and he gave the name ‘“‘rectifying’’ to the case where 
the current can follow in one direction only, but cannot reverse. 

Whether the non-arcing character of these metals is explained 
as being in one group—which, incidentally, is not quite right— 
does not seem to be a matter of very great importance. If I 
recollect aright, Mr. Wurts mentioned bismuth and antimony 
as non-arcing; these do not belong to the zinc group, though 
other metals which do belong in the zinc group are not generally 
recognized as non-arcing. The order of the non-arcing character 
of the metals as given by Mr. Wurts is the order of their boiling 
points. All this might be an interesting subject for a purely 
scientific or metaphysical paper, but does not seem to be of any 
particular value to us. 

D. B. Rushmore (by letter): Manv of the points brought 
out by the first speaker in the discussion are answered by a more 
careful reading of the paper or by the other speakers. 

It is agreeable to find that the statements made concerning 
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the horn arrester are in agreement with opinions held by men 
of such experience as Mr. Thomas and Mr. Converse. 

It is stated somewhere in the paper that the illustrations 
showing the scheme for protection of wood pole lines are simplv 
diagrammatic. Attention should, however, be called to the 
fact that the multigap arrester described in the paper is entirely 
new in design, and a careful reading of the action of the dis- 
charge over the multigaps will explain the difference in principle 
between these and former multigap arresters. 

E. E. F. Creighton (by lctter) : Some one has observed that 
the liquid electrode arrester 15 wet. That is true: it is the con- 
dition sought for. After having gone over a number of different 
methods of preventing or extinguishing an arc, I have come to 
the conclusion that with but one possible exception, not vet 
published, the liquid. gives the most ,valuable property to the 
lightning-arrester. 

The objection to the liquid, as suggested by Dr. Perrine, lies 
in the necessity of maintaining а certain level, and it might be 
added to keep the liquid from splashing. This is a simple engi- 
neering problem which seems to offer no difficulty in its solu- 
tion. There are several solutions being tried out at the present 
time, anv one of which seems to be practicable. 

The loss of liquid through the operation of the arrester by 
lightning is too slight to take into account. For example, one: 
of these arresters was put into operation three hundred times, 
which would easily cover a whole season's storms even in the 
worst localitv, and at the end of the test the level of the liquid 
had not been lowered to any measurable extent. The energy 
given out bv the electric current in the arc 1s absorbed, first in 
raising the liquid to boiling temperature; secondlv, in the latent 
energy of changing the liquid to a gas; and thirdly, in the chemi- 
cal energv of dissociation of the gas. To carry through this 
process requires a relatively great amount of energy for a small 
amount of electrolyte. The amount of electric encrgy given 
off from the generator 1s comparatively small because the cur- 
rent is limited by the voltage absorbed in the arc at the surface 
of the electrolyte. In case of continuous discharges over the 
lightning-arrester due to a grounded phase on an insulated 4 
or Y system, the electrolyte is gradually used up until the arc 
distance is too great to be bridged by the surges on the line. 
This, as already stated in the paper, will require a number 
of minutes, and it will be nec essarv after such an operation to 
refill the jars with water to the original level. It should be 
noted that the arrester is not damaged by this continuous 
operation. 

In considering the operation of the liquid electrode arrester, 
the brief and convenient term, "variable. resistance" was used 
but it is important to distinguish carefully between the effect 
obtained from a counter clectromotive force and the effect from 
a variable resistance. Although the counter electromotive 
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force gives the same effect as an increase in resistance 
in reducing the current, yet it differs materially in that 
it reaches a limiting critical value above which it offers no 
further obstruction to the current flow. From zero up to the 
critical voltage the ohmic resistance of the cell has probably 
diminished although the effect of the arc is that of an increase 
of resistance. 

Dr. Perrine's kind expression of appreciation of the work 
on this new cell type arrester reminds me that it was he that 
first recognized the value of the aluminum cell-type arrester 
and aided most in its development when I began working on it 
some six or seven years ago. 

In regard to the leakage of current between cylinder and 
cvlinder of the multigap arrester. The experience we had some 
years ago will corroborate Mr. Thomas's statement. Instead of 
using individual units of porcelain, Mr. Wurts decided to use 
one slab of marble with the cylinders arranged in zigzag form, 
but it was found that the spark voltage or equivalent-needle- 
gap of the same number of gaps as used previously with the 
porcelain units was very greatly increased. The leakage of 
current though the marble was sufficient to prevent the separa- 
tion of the positive and negative charge on each cylinder, and 
the consequent resultant static induction to the next adjacent 
cylinder. The ten-pin or card-house effect was lost. The drop 
of potential across the marble was uniform, the high frequency 
between cylinders was lost, and many of the gaps were in a 
condition of partial short-circuit due to the concentration of 
the leakage current in the marble in the shortest distance 
between terminals. І still have in my laboratory an expensive 
board made up in this way which is entirely inoperative as a 
multigap arrester. 

Mr. Thomas calls attention to the short-circuit current shown 
in one oscillogram as only 200 amperes. This I might state was 
under a particular condition where only one small machine was on 
the circuit, and the short-circuit current. shown in some of 
the other oscillograms is more than double the value 
stated. By considering the condition of discharge of the new 
type multigap arrester it will be seen that the generator capacity 
is amply sufficient to give the effect that might be obtained from 
a machine of any capacity. When the spark takes place across 
the shunt gaps, the generator 1s producing full potential across 
the arrester and the voltage is not decreased by the discharge 
of the dynamic; consequently if the spark is going to form 
into an arc there is every reason for it to do so regardless of the 
generator capacity. Stated otherwise, if the potential of the 
generator does not decrease, the experimental conditions of 
test are correct and nothing further could be obtained by using 
a generator of greater kilowatt capacity. This statement is 
general and applies also to the tests of the liquid electrode 
arrester. I admit of course that if the spark does form into 
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an arc the damage caused will increase directly with the capacity 
of the generator. 

C. P. Steinmetz (by letter): It seems to me that the disagree- 
ment on the horn arrester is more apparent than real: it depends 
upon what is expected of an arrester. Mr. Rushmore defines 
a lightning-arrester as an apparatus capable of discharging any 
abnormal voltage or abnormal frequency without interfering 
with the normal flow of current. This the horn arrester does 
not do. With series resistance it is limited in discharge capacity; 
without series resistance it may protect the system; but it 
short-circuits it, so shuts it down temporarily. 

Mr. Thomas’ criticism of the definition of “lightning ”’ 
seems justified. It is rather strange to speak of ‘‘lightning- 
arresters " in underground cable systems. I have not intro- 
duced this definition; but it has gradually introduced itself in 
practice, and so will probably stay. The proposed name ''static", 
however, I do not approve at all. The term“ static" has been 
used to a considerable extent, and mostly abused. Occasionally 
one hears of such anomalies as '' static transformers," instead 
of "stationary transformers ". If “ static” means anything, 
it can only mean electric phenomena of such limited power as 
not sufficient to produce an appreciable current ; that is, pheno- 
mena in which the electromagnetic component of the field is 
negligible compared with the electrostatic component. A short- 
circuit surge which bends heavy copper bars can then hardly 
be called static, but the lightning-arrester should protect against 
it. 

In my paper I have drawn analogies between electric 
waves, and waves in a body of water. It is obvious that such 
an analogy, though elucidating the phenomena, is not complete. 
For instance, in an electric circuit the tendency to form stationary 
waves or oscillations from travelling waves or impulses is very 
pronounced; but in a bodv of water this tendency exists to a 
very limited extent onlv, since in the latter case the wave length 
is usually only a very small part of the total wave travel. I 
believe that Mr. Thomas misunderstands mv comparison of the 
breaking of a wave train at the station with the ocean surf. 
Where complete reflection occurs, as at the open end of a line, a 
standing wave is formed from the travelling wave of the same 
frequency. An ocean wave, rolling on to a sloping beach, 15, 
however, not completelv reflected; it 1s only partly reflected, 
while partly it rushes up on the beach. Now at the entrance 
to a station an electric wave train 1s partly reflected, partly 
enters, and "'surf" is the result of the interference of 
the various reflected and transmitted wave trains. This 
results in the formation of local standing waves. The surf 15 
therefore not a complete reflection, but a breaking up of the wave. 
In this way an ocean wave on a sloping beach, 15 comparable 
with an electric travelling wave at the entrance to a station. 

As regards the damping effect of a grounded overhead wire, 
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it appearsto be obvious that a current induced in the ground wire 
by a wave train in a transmission line consumes energy, and 
thus reduces the energy of the wave train. The energy dis- 
sipated by this induced current in the effective resistance of 
the ground wire is taken from the energy of the wave train in the 
main wire, and causes the latter to decrease more rapidly. 
The imperfect inductive relation between transmission wires 
and ground wires applies only indirectly in considering this 
effect. Of the total magnetic flux produced by the wave train 
іп the main wire, and surrounding the main wire, only a part inter- 
links with the ground wire as mutual inductive flux; probably 
most of it passes between the conductors as self-inductive flux. 
This self-induction does not consume energy, and therefore does 
not dampen; but mutual induction consumes energy and so 
causes the wave train to decrease more rapidly. 

In a lightning-arrester it is of fundamental importance not 
merely to discharge abnormal voltages or frequencies, but to 
discharge them with the least possible disturbance. This 
means to discharge over the highest resistance, which does not 
yet appreciably back up the voltage by its Jr drop. Sometimes 
the volume of discharge 15 such as to permit no resistance what- 
ever. The lightning-arrester must therefore have a path of no 
resistance to ground. А half-wave discharge without any re- 
sistance is quite a severe shock, and should be avoided. For 
this purpose a medium high resistance in shunt is used to take 
care of most of the discharges; of the discharges that are too 
heavy for this resistance, most are still deflected over the ''low 
resistance " of the arrester, so as to limit the dead short-circuit 
discharges to a minimum. Very many discharges, however, 
are of such small power that a resistance very much higher 
than the ‘‘ medium resistance " can take care of them; and it 
is therefore undesirable to cause a fairly large dynamic 
discharge over the medium resistance every time one of these 
very small discharges occurs. For this purpose the high re- 
sitance has been added. 

Mr. J. P. Jackson explains that the non-arcing character 
of mercury, cadmium, and zinc is due to these metal vapors 
being monatomic. It is unfortunate that helium and argon 
are also monatomic, but are by no means non-arcing; on the 
contrary, they are known to have abnormally low disruptive 
strength; that is, they require only a low voltage to maintain 
a discharge. 

Wm. McClellan (by letter): It has alwavs been difficult to 
get a physical conception of the action of the film used on 
aluminum electrodes, either of the type proposed by Mr. 
Creighton or the one proposed by Mr. Jackson some time ago. 
No physical conception can be had until a great deal more is 
known about this phenomenon. 

The writer has always conceived of the film as being electrically 
porous so that up to a definite pressure it held the current, but 
beyond this pressure the pores, so to speak, opened, allowing the 


1350 LIGHTNING-ARRESTERS [March 29 


discharge to pass through freely. "This conception seems reason- 
able when one views the formation of the film and sees the 
gradual decrease in the number of spark discharges all over 
the face of it, until finally upon the complete formation these 
discharges cease at pressures below the critical point. This con- 
ception is suggested by the old physical experiment of the 
hollow gold sphere which will hold a liquid until the pressure 
is raised to a particular point when the liquid squirts out all 
over the surface. 

The writer has never been able to find or hear of more than 
two objections to the electrolyticarresters with the large surface 
as proposed by Mr. Jackson. The first of these objections is 
the possibility of the arrester being exploded or burst by a 
heavy discharge, the same as a telegraph pole or tree is frequently 
rent. In such cases the explosion or shattering is due to the 
fact that the conducting path is very circuitous and narrow and 
that there is a great concentration of energy in this path. In 
the case of the large surface lightning-arrester proposed no 
such condition can exist, as at the time of a heavy discharge 
there is a uniform path of high conductivity. 

The other objection is the possibility of freezing the electrolyte. 
This objection, of course, would hold only in the case of high- 
voltage insulations where it would be necessary to put the arrester 
outside the station. The writer thinks that in case of this 
trouble with a three-phase installation of these arresters, it 
would be a comparatively simple matter to put the three sets 
of arresters either in a pit below the frost line or in a cabinet 
above the surface, according todrainage conditions. This would 
act to shield the arresters from wind and shaking. It is well 
known that a liquid if kept absolutely still will not freeze when 
brought to a temperature far below its freezing point. It 
would probably be found that the temperature would never get 
sufficiently low to cause freezing solid. Experiments show that 
it is only when the electrolyte is frozen solid that it ceases to 
have its peculiar resistance characteristics. 

P. Н. Thomas (by letter): Mr. Creighton speaks of the ‘‘dis- 
covery of the true non-arcing conditions of shunted gaps" 
which he distinguishes from ‘‘the unstable condition of a 
shunted arc " that “ has been known for a long time", by con- 
sidering the latter as a phenomenon having to do with alterna- 
ing current whereas the former is really a shunted direct current 
operating for а part of acycle. Thisdistinction does not appear 
to me to be well founded. If we have a number of gaps shunted 
bv a resistance, and pass a static discharge through these gaps 
while they are connected to a source of alternating potential, 
there will be of course current flow through the resistance and 
there will be a tendency for current to flow through the gaps 
following the static discharge. Whether a sensible current will 
appear in gaps depends, obviously, upon the voltage maintained 
across the gaps regardless of whether there may be resistance 
in shunt or not; whether the current continues in the shunted 
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gaps or not depends also on this voltage and not directly upon 
presence, absence, or value of the shunt resistances. If the 
source of current is able to supply a smaller amount of current 
through the resistance than will maintain an arcing voltage 
üpon the gaps, manifestly no current will follow the static dis- 
charge in the gaps. If, on the other hand, a sufficient current 
can be supplied by the source of electromotive force to main- 
tain a sufficiently high voltage upon the gaps, current must 
inevitably follow the static spark therein. The shunt resis- 
ance has not a direct effect upon the arc in the gaps; it merely 
effects the potential of the terminals of the gap. 

If now the static discharge occurs at one portion of an alter- 
nation, the voltage at that moment impressed upon the gaps 
will have one value; if at another part of an alternation, another 
value. There must be a portion of each alternation during 
which the generator voltage is so low as not to allow current 
to flow in the gaps following a discharge. Оп the other hand, 
if the current capacity of the source be sufficient there will be 
times within the alternation when the voltage impressed on the 
gaps will be sufficient to cause a following of current in the gaps. 
The most favorable condition for such following is obviously 
that the static shall occur approximately at the maximum of 
the waves. Itappears from Figs. Запа 4 of Mr. Creighton’s paper 
that the static discharge which he times with a synchronous 
motor occurs early in the cycle, at an instance when the generator 
electromotive force is far from its maximum. This condition 
is manifestly ап unfavorable one for the following of current 
in the gaps. If Mr. Creighton has alwavs passed the static 
through the shunted gaps at this part of the cycle, it would not 
be safe to draw any inferences as to the non-arcing quality of 
the arrangement under the conditions of actual service where 
the discharge is sometimes likely to come at the maximum of 
the wave. 

The arc suppressing power of the shunt resistance depends 
entirely upon the current that is to pass through this resistance 
following the static discharge. "The shunted lightning-arresters 
heretofore used have exactly the same electrical arrangement 
as Mr. Creighton's. When the current tending to flow in the 
resistance after a discharge is small, or when the discharge occurs 
at a low-voltage point of the cycle, no current whatever will 
appear in the shunted gaps. When, however, more current 
flows through the resistance there will be some current flow in 
the gaps this current will cease at the first alternation if it 
be not too heavy, or so much current may be forced into the 
gaps that they will continue the arc. There is no difference 
between the apparatus of Mr. Creighton and the previously 
shunted gaps; he has simply subjected them to milder conditions. 

I would call attention to the curious form of the current curves 
in Fig. 1, which I believe to be generally correct. The first 
time it is met with, the high voltage at low currents is quite a 
surprising feature. 
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HIGH-VOLTAGE DIRECT-CURRENT AND ALTER- 
NATING-CURRENT SYSTEMS FOR 
INTERURBAN RAILWAYS. 


BY W. J. DAVIS, JR. 


The magnitude and direction of engineering development 
in apparatus for the electrical equipment of high-speed inter- 
urban railways is well illustrated by a study of the systems 
adopted by some of the more important lines recently built or 
now under construction. These systems may be divided into 
three classes, namely: 

1. 600-volt, direct-current using either overhead trolley or 
third-rail. 

2. 1200-volt, direct-current overhead trolley. 

3. Single-phase, alternating current, 3300- or 6600-volt over- 
head trolley. 

As apparatus for the operation of the 1200-volt, direct-current 
system is being manufactured in this country only by one com- 
pany, the list of roads given below comprises only those using 
equipments manufactured by this company, and is limited to 
sales to new roads made during the last year. 

The largest installation undertaken during the last year was 
that of the West Jersey & Seashore Railroad, comprising equip- 
ment for 145 miles of single track and 35600 h.p. in railway 
motors. On account of the limited time required for the com- 
pletion of this installation (six months from date of selecting 
power-house site) it was impossible to furnish apparatus of special 
type, making the selection of the 600-volt, direct-current system 
obligatory. For this reason the equipment of this road is not 
included in the following statistics. 
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Size motor 
track Cars Motors | h.p. 


GOO volts, direct ситтен1.......................... | 
Texas Traction Co. heat it aude ано Smiles. 15 4 75 h.p 4.500 
Elmira, Coming & Waverly: te aide beech dst acie Ма 7 4 60 « 1,650 
Buffalo, Lockport & Rochester: Lu uias E. A 19 4 75 « 5.700 
Oregon Кайкау.........................- 40 « 8 | 475 « | 2.400 
j 188 «u 49 14.280 
1200 volts, direct currcnt. Sac net Sherk Gite | 

Central California Ттас. Co.. .... | 16 miles 6 4 75h.p. 1,800 
Pittsburg, Harmony, New Castle: & Butler. wee. 63 {u 12 4 75 « | 3.600 
Indianapolis & Louisville. —— — SE 10 475 « 3,000 
Indianapolis, Columbus & Southern: T 3 4 75 « 900 
San Jose & Santa Clara... «seres 9 « 8 | 475 « 2,400 
129 39 | 11.700 

Single-phase, 3300 or 6600 тоЙз.................. | 4 125 
Washington, Baltimore & Annapolis.......... 52 miles 25 2 125 | 11,500 
Central Illinois Constr. Со.................... 40 u | 10 | 4 75 j 3,000 
Anderson (5 С.) Railway... eee] 35 «^ | 3 i 4 75 900 
Richmond & Chesapeake Bay... | 15 « | 4 4 125 2.000 
| | 17,400 


Total horse power in motors sold, 43.380 of which 
600 volt, direct current has 33 per cent. 
1200 ва t 54 “ 27 s о 
Single phase alternating current has 40 per cent. 


It is most interesting to note that two-thirds of the total 
motor capacity sold consists of 1200-volt, direct-current and 
single-phase alternating-current motors, indicating the eager- 
ness of electric railway builders to take advantage of the reduced 
cost of construction and equipment, and economies in operation, 
resulting from the use of higher secondary distributing voltages. 
The magnitude of the possible savings will depend upon the 
local and service conditions and will vary over a wide range. 

Generally speaking, increased. voltage at the trollev will be 
attended with reduction in cost of copper and sub-station appara- 
tus, and bv increased cost of car equipments due to the inher- 
ently heavier and more expensive character of the motors and 
control svstems. Where the car movement is especially fre- 
quent, as in case of rapid-transit suburban service in the 
vicinity of the larger cities, requiring from two to four tracks, 
the 600-volt, direct-current svstems will generally prove the 
cheaper, a result largely due to the lower cost of the motors. 

On account of the variable character of the conditions encount- 
ered, each problem requires a special investigation before the 
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relative merits of the three systems can be reliably determined, 
but the following general limitations will be found to hold true. 

1. Street railways and elevated roads 1n cities should unques- 
tionably be equipped with standard 600-volt, direct-current 
apparatus. 

2. Suburban lines 10 to 15 miles in length operating cars 
on frequent headway should be equipped with 600-volt, direct- 
current system. | 

3. For high-speed interurban railways operating cars 50 ft. 
or more over all at speeds of 40 miles per hour or more: 


a. The 600-volt, direct-current system is the most reliable 
on account of being most fully developed. 

b. The 1200-volt, direct-current system is somewhat cheaper 
in cost than the 600-volt system, but is as yet an untried system. 

c. The single-phase, alternating-current system will in most 
cases show material saving in cost over the direct-current sys- 
tems, and has been developed to a point where it may be 
considered commercially successful and capable of giving 
satisfaction in operation, if properly proportioned for the 
service to be performed. 


There are certain conditions which render the alternating-cur- 
rent motor system unduly expensive or impracticable; namely, 
the enforced use of a frequency greater than 30 cycles, the 
presence of grades greater than 8 per cent., or the necessity 
of obtaining perfectly balanced three-phase load under all con- 
ditions. In such cases, the 1200-volt or the 600-volt direct- 
current system will prove the most economical, preference being 
given to the latter although the cost of installation will be greater. 

The single-phase, alternating-current and 1200-volt, direct- 
current equipments may both be made to operate satisfactorily 
on standard 600-volt, direct-current systems, and assuming equal 
reliability, the question becomes one of first cost and economy 
in operation. The following table will show approximately 
the relative cost of a typical suburban road with the several 
systems. 

It is of interest to compare the operating economy of the 
three systems, eliminating those items which are of equal value 
іп each. The comparison given below is based on coal at $3.00 
per ton; coal consumption 3.5 lb. per kilowatt-hour; sub-station 
attendance $1750 per annum; maintenance of car equipments, 
0.4c. per car-mile for 600-volt direct current, 0.5c. for 1200- 
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volt direct current, and 0.6c. for alternating current, and fixed 
charges at 10.595. 


COMPARATIVE Cost PER Mitg, SINGLE TRACK. 


Direct | Direct (Alternating 
current | current current 
600 volts) 1200 volts: 6600 volts 


Roadbed complete including grading, ballasting, etc.... | $15,000 | $15.000 $15,000 
Trolley and feeder installed........................... 3,800 | 3,000 2,100 
Track bonding. . из л е 600 | 530 480 
Transmission liae; installed. . MEE 1,500 1.500 1,300 
Sub stationssinctalled. s eco ortu uS Li T 2.200 | 1,600 600 
Power station, п!аПей............................. 2,450| 2,450 2.570 
Cars and едшїртеєеп&..:.............................. 1,500 1,970 2.300 
Те]ерһопе......................................... 120 120 120 

Total. s Lee ee ee ee ee esses $27,470 | $26,170 $24.470 
Saving over 600 volts: direct ciment. А И | 1,300 | 3,000 

RELATIVE OPERATING Cost PER MILE SINGLE TRACK PER ANNUM. 
“ССС Direct | Direct ‘Alternating 

Per mile of track, one-hour headway current current current 


,600 vali 1200 volts | 6600 volts 


Car-miles per day.. T ЧИНС 64 64 64 
Kilowatt.hours per dày. ati power осо on ied 275 275 245 
Cost of coal per annum.. aM MEE 470 470 419 
Cost of substation attendafice- cst i ушгн у ды; 175 79 46 
Maintenance of motors and control.................. 94 117 140 
Total. "o ; .. $739 $366 $605 

Saving over 600. volt direct Jc derent кла of 
fixed сһагие$.................................... 73 134 
жылла л со млг 137 315 
Total annual вауїпд....................... | | $210 | $449 


Another method of comparison is to capitalize the annual 
saving exclusive of fixed charges. Assuming fifteen years as 
the average life of equipment and construction work, the present 
value of the annual saving in operating expenses per mile of 
track at 5% interest will be: 


For the 1200-volt, direct-current system......... $ 756 
To which add saving in first cost............... 1300 
Making the total capital value оЁ............... $2056 = 7.5% 
And for the 6600-volt, single-phase system ...... 1390 
To which add saving in first cost............... 3000 


Making total capital value оЁ................... $4390 = 16%. 
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The above comparison is based on service and construction 
conditions applying to the typical high-speed interurban elect- 
ric railway, the fundamental assumptions and principal data 
being as follows; 

Length of road, 50 miles or more. 

Cars 52 ft. over all, weighing 21 tons without equipment or 
load and seating 56 passengers. 

Car equipment, four 75-h.p. motors. 

Maximum speed on tangent level track, 45 miles per hr. 

Schedule speed 24 miles per hr. including stops and slow 
running through towns. 

Headway, maximum service, 0.5 hour. 

Frequency of stops, one in two miles, interurban. 

Average car energy, 85 watt-hours per ton-mile at car. 


Direct Direct |Alternating 
current | current current 
600 уо1їѕ 1200 volts, 6600 volts 
Cost of cars equipped.. eee e n s e n nn nn nns 910,800 | $11,800 $13,800 
Spacing of sub-stations- j ee s nn n n nns. 10 miles | 22 miles | 32 miles 
Maximum voltage drop, trolley lines; А amus ES 25% 10% 
Efficiency of system, generator bus- bars to cars. „.....] 71% 71% 84% 
Average efficiency car equipment.. ийе кек woes eui srl ТОСО 75% 73% 
Average power-factor of SPOKEN NUM 96% 96% 85% 


As the 1200-volt, direct-current system is still in process of 
development, a brief description may prove of interest. 

The roads which are now being equipped may be divided into 
three classes: 1. Those which are required to operate on 600- 
volt direct current at full maximum speed as on the 1200-volt 
sections; 2. Those which are required to operate on 600-volt 
direct current but at approximately half maximum speed; and 
3, those which operate only on 1200-volt trolley. 

The first class requires motors wound for 600-volts but de- 
signed to stand 1200 volts without danger of flashing or injury 
to the insulation. The motors are connected four in multiple 
when run on 600 volts and in two parallel groups of two motors 
in series when run on the 1200-volt sections. 

In the second and third classes the motors may be wound 
for either 600 or 1200 volts, preference being given to the latter 
on account of improvement in tractive power at the slipping point 
of the wheels. In order to obtain satisfactory commutation 
qualities and to control the tendency to flash at the commutator 
at the high voltages encountered, all motors for the 1200-volt 
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system are provided with a compensating winding in the shape 
of series wound auxiliary poles located midway between the 
magnetizing poles and so proportioned as to neutralize the 
armature reaction under all loads. The additional insulation 
required causes the motors to weigh 1595 to 2095 more for a 
given output than 600-volt motors. This additional weight is 
not due to the inter-pole construction, as on the basis of equal 
voltages the inter-pole motor will weigh about the same or a 
little less than the standard railway motor. 

The control system is substantially the same as that used on 
the 600-volt system, with the exception of some slight changes 
in the insulation of the primary circuits. The secondary circuits 
are all energized at 600 volts, as are also the car heaters and 
lights, and for this purpose a small dynamotor is furnished for 
use when run on 1200 volts, the function being to change the 
voltage to 600. The capacity of this dvnamotor as furnished 
with quadruple 75-h.p. equipment is 38 amperes, which provides 
for the lighting, heating, and air-pump circuits for one car, 
and secondary control circuit for a train of six cars. 
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DISCUSSION ON ‘“HIGH-VOLTAGE DIRECT-CURRENT AND ALTER- 
NATING-CURRENT SYSTEMS FOR INTERURBAN RAILWAYS,” 
AT THE CHICAGO Branca, Marcu 26, 1907. 


James Lyman: No branch of engineering is more active than 
that engaged in the electrification of transportation systems, 
so Mr. Davis’ paper is as timely as it is interesting and instructive. 
The network of interurban railways in the middle West is one 
result of this activity. There is one system of electric rail- 
ways centering in Indianapolis having 400 or 500 miles of road, 
and another in the central part of Illinois having about 300 
miles of road, with 150 miles more now under construction. 

Mr. Hesing: It has been pretty well demonstrated what the 
600-volt, direct-current motor will do, but possibly it is not quite 
so well understood what the alternating-current motor will 
do. Just at present I have charge of a little alternating- 
current line, and maybe a short description of what we 
do will be of some interest. We operate at 3300 volts. 
The line is about 22 miles long, with no sub-stations whatever. 
We have a 00 trolley wire. In fact, we started out with two 
00 trolley wires, and one was moved over to the pole and now 
acts as a feeder. The cars are not very large, about 35 tons, 
requiring 75-h.p. motors. To my mind, the operation has been 
very satisfactory. Our records show that the cars have run 
from 75,000 to 85,000 miles with only one furbishing of the com- 
mutators, and they run from 5,000 to 6,000 miles with one set 
of carbon brushes. We subject our cars to pretty severe treat- 
ment. They are geared for 42 miles an hour, and as the road 
is quite small and sometimes pushed beyond its capacity, a 
couple of ordinary flat cars are used for trailers, side boards 
are put around them and folding-chairs are provided. These 
are called ‘‘chair cars”, and probably 600 or 800 people are hauled 
at a load. It doesn't look very nice, but it pays. 

I am glad that the speaker says the alternating-current system 
is of so much value. I can hardly see how it can be improved 
upon, except in one particular—the acceleration of the motors 
is slow. Our stops are not frequent, but where, as in the city 
practice, stops are very frequent, I think the service would be 
a little bit slow. Paralleling the Alton, when we made a run 
for that, we had no trouble whatever to give the same service 
as the expensive red train. So I think that for a little road— 
really an experimental road—the alternating-current system 
is the thing to use. 

Mr. Gould: Having had experience only with the standard 
600-volt, direct-current system, I am more in the nature of a 
questioner. I would like to ask Mr. Davis as to the relative 
costs of maintenance of the line and trolley system of the two; 
that is, how much does the line maintenance of the alternating- 
current system exceed that of the 600-volt, direct current-system ? 

W. j. Davis, Jr.: The single-phase system has not been in 
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operation sufficiently long to permit complete standardization 
of the line material. Such experience as we have had, 
however, indicates that a 6600-volt overhead trolley system - 
using catenary construction may be made very reliable and 
durable, and should give a maintenance cost at least equal to 
the best 600-volt, direct-current construction. 

Peter Junkersfeld: In making comparisons on the cost, I 
notice that Mr. Davis has used a figure of 10.5% fixed charges 
and he has applied that to all three systems. It seems to 
me from what I have heard and from what Mr. Davis has told 
us, that if 10.5% is fair for the 600-volt system it is liable to be 
somewhat low for the other two systems, for the reason that 
they are somewhat new and untried. It seems quite low to me 
even for the 600-volt system. 

W. J. Davis, Jr.: That 10.5% does not represent maintenance. 
It simply represents interest, taxes, insurance, depreciation, and 
charges of that nature, with interest at 5%. These are inde- 
pendent of the kind of system used. The depreciation has been 
taken the same for each system ; that is, life of buildings 40 years, 
copper and line equipment 20 years, rolling stock 15 vears. 
These values are rather low than otherwise for a good system. 
It is possible to get more than 15 years out of modern car equip- 
ments, if well maintained. 

Peter Junkersfeld: What I have їп mind is, on the new and 
untried systems there would be quite a considerable “ anti- 
quation charge”; that is, the system will probably be perfected 
a great deal more in the next five or ten years, and part of the 
equipment will probably then be obsolete. 

W. J. Davis, Jr.: That is true. Taking that into consideration 
the fixed charges should be somewhat higher. 

Peter Junkersfeld: And that in time would make it a little 
more favorable to the 600-volt svstem. Another question: 
how does the maximum allowable drop compare in the two 
systems? 

W. J. Davis, Jr.: The maximum momentary drop permissible in 
the 600-volt system should not, as a rule, exceed 50%; most sys- 
tems are usually calculated for about 25%. The latter condition 
will give about 5% average energy drop, depending upon the 
frequency of the service, grades, and other conditions. In 
the 6600-volt, single-phase system the average allowable drop 
in the secondary distributing svstem is usually fixed at 5%, 
including that in the rail return, with swings approaching 10%. 
It must be remembered that in the alternating-current system 
the drop in the various sections between the car and the power 
station bus-bars is cumulative. In addition to the drop in the 
trolley line and track, there is an energy drop and reactive drop 
in the step-down transformers, transmission line, and step-up 
transformers. Finally, there is the regulation of the generators 
and the drop in speed of the engines when the car starts. These 
are all cumulative in their effect. In a direct-current system, 
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on the other hand, we have only to consider the drop from the 
sub-station bus-bars to the car. For the above reasons it is 
necessary and desirable to allow a much smaller maximum 
drop in an alternating-current svstem than in a direct-current 
trolley system. A maximum voltage drop of 10% in trolley 
and track of a single-phase system will often correspond to 25 
or 30% drop in the whole system. 

W. A. Blanck: Mr. Davis makes a statement about 40% 
of these roads being single-phase roads. I must say I have 
enjoved the statement very much, because we have tried in the 
middle West to find railways on which we could use the single- 
phase system. Most of those we have investigated found it almost 
prohibitive to use the single-phase svstem, because of exchang- 
ing rolling stock with other roads and running into the cities 
where direct current is used. Furthermore, we find it very diffi- 
cult always to use high potential in the cities themselves. Is 
it possible to overcome these difficulties? Most of our systems 
run into cities where we can not use the alternating-current 
svstem to-day. 

Mr. Davis proposes to put the sub-stations about 32 miles 
apart, which would give 16 miles on each side for one section. 
That 1s rather long and it makes the section dependent on any 
kind of breakdown in that long section, so that more sub- 
divisions with feeders or more frequent sub-stations will be 
required. Have these questions been investigated, and has 
any difficulty been found in placing the sub-stations so far 
apart ? P 

W. J. Davis, Jr.: I do not think it necessary to place sub-stations 
closer together, because of possible unreliability in the secondary 
distributing system. It might be well to have a switch on a 
pole suitably located so that a part of the line may be cut out for 
repairs. If the line is properly erected, а 30-mile section, where 
cars are operating normally on one-hour headway with a maxi- 
mum of one half-hour headway, ought not to be considered ex- 
cessive in the light of past experience. The time may come 
in the development of the alternating-current system when 
sub-stations will be omitted entirely and 11,000 volts will be 
fed direct into the trolley with power stations located 30 to 50 
miles apart. If the load-factor is sufficiently good to warrant 
the use of this arrangement, the system is reduced to the basis 
of the ordinary city railway svstem so far as simplicity and 
rehability are concerned. Some of the 6600-volt, single-phase 
roads now being installed will feed out 15 or 16 miles from one 
sub-st ation. 

W. A. Blanck: It is necessary to enter cities with interurban 
roads. Ifsteam-road conditions prevailed, if there were isolated 
terminals, an alternating-current svstem would be practicable, 
but interurban roads generally terminate in a city, and must 
operate therein by the direct-current system. We are all con- 
vinced that the alternating-current system is a coming system 
much less investment for same amount of trathe done- -but 
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present operating conditions almost make it prohibitive to put 
it in. 

W. J. Davis, Jr.: So far as the motor is concerned, the alterna- 
ting-current motor can be built to operate as well on direct 
current as the ordinary direct currrent motor. Several in- 
stances have come under my observation where a combination of 
the 600-volt, direct-current and 6,600-volt single-phase svtems 
has made it possible to secure an increased economv in opera- 
tion and also a considerable saving in cost. 

I have in mind the case of a road 65 to 70 miles long. Оп 
the first 15 miles the service will be extremelv heavy, requiring 
the operation of two- or three-car trains on 15-minute headwav 
with frequent stops. The rest of the road will require the ser- 
vice of single cars every hour. There will be required a rolling 
stock equipment of about 30 cars, of which 25 will oper- 
ate on the 15-mile suburban section and the remaining 
five on the longer interurban section. A straight single-phase 
svstem will prove objectionable on account of the intrinsically 
higher cost of the car equipments, due to the frequent service; 
on the other hand, the straight direct-current system will prove 
expensive on account of the larger number of synchronous 
converter sub-stations required on the 40-mile interurban section. 
A combination of these two systems, the 15-mile suburban 
system being equipped for direct current and the 40 miles inter- 
urban section for alternating current, will prove cheaper in first 
cost and more economical to operate than either system con- 
sidered separately. This combined svstem will require two 
alternating-current sub-stations on the 40-mile interurban 
section, two direct-current sub-stations on the 15-mile suburban 
section, twenty-five direct-current equipments, and five single- 
phase equipments. The objection from an operating. stand- 
point of having two types of motors is more than counterbalanced 
by the possibility of securing the most desirable operating 
features of both systems with the objectionable features. ot 
ach reduced to a minimum. 

T. F. Clohesey: What is the relative efficiency of these 
motors while running? For instance, а 300-h.p. car at full 
load alternating current and then when it enters a city and has 
to operate on direct current? What is the ейїстепсу of the same 
car provided there are no stops? | 

W. J. Davis, Jr.: It will be about 2°% better on direct current 
than on alternating current. 

W. A. Blanck: Have vou overcome all the dithculties now 
in regard to interference with telephone lines? I have heard 
that in the East especially there are frequent complaints from 
telephone subseribers in the interurban districts-- they have 
complained of interference with the service. 

W. J. Davis, Jr.: There were complaints in the early days, 
because we had no operating experience with the actual con- 
ditions existing. between the telephone lines and the single- 
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phase lines, but within the last year we have found out how to 
cure all of the troubles. I do not know of a single case where, 
if proper consideration is given to the system when it is first 
put in, there should be any trouble with the telephones. 

W. A. Blanck: There is another very interesting question 
to be settled—the bow versus the trolley. In the different tests 
mentioned, which arrangement has been used for collecting 
the current from the conductor? 

W. J. Davis, Jr.: That question is probably the most vital 
of the whole alternating-current svstem. No overhead collect- 
ing device has yet been devised which experience has shown to 
be safe and reliable and to have a low maintenance at a speed 
exceeding 60 miles an hour. The third-rail is the only system 
which has been proved to be absolutely satisfactory. There 
have been several bow collectors designed, but none of these 
has been operated long enough to show exactly what mainte- 
nance could be expected from it. After a little more experi- 
ence we may probably produce some form of collector which will 
have a longer life than the present form. 

W.A. Blanck: What difficulty have you experienced in regard 
to the suspension of the trolley wire in the catenary form. 
Where the suspension points are less than three feet apart, do 
you find in running 60 miles an hour that each point gives a 
particular shock or kick to the bow, or do you overcome these 
difficulties? Have you been able so far to see what it will 
take to keep up the catenary construction work? Have you 
any data on these matters? 

W. J. Davis, Jr.: No; we haven't any data to cover any period 
of time of sufficient length to be reliable. The suspension points 
in my opinion ought to be 15 to IS ft. apart; this spacing giving 
the best results at high speeds where bow collectors are used. 
Where a wheel collector 1s used, the spacing between suspensions 
may be made 50 ft, or about three to the interval between 
poles. 

W. A. Blanck: Have you found it necessary in your exeri- 
ence to bond both tracks for single-phase service? or do vou 
think it is sufficient to have only one track rail bonded, and in 
case of double track to have one cross-bond every half mile 
or so, or do you find it necessary to put a bond on each track? 

W. J. Davis, Jr.: It 15 usual to bond both tracks, because of 
greater safety, but I do not think there would be any great 
danger if only one track were bonded. In many high-tension 
systems a ground wire is carried on the poles as a lightning pro- 
tection. If that ground wire were connected to the rail at suit- 
able intervals trouble would be prevented. 

W. A. Blanck: My special question with reference to that 
is whether one of the rails can not be used for signal service, 
and if it is what interference is there from having only one rail 
bonded and alternating current in one rail, while perhaps there 
is another frequency for single phase in the second rail, which 
I understand to a certain degree is used in the New York Central. 
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W. J. Davis, Jr.: I do not know of any case where that ar- 
rangement is used, but I can think of no objections to it. It 
would appear to be perfectly safe if a ground wire is run in con- 
nection with the track return. 

L. M. Zapp: Mr. Davis, in his statement as to direct-current 
efficiency, said I think 71 per cent. from power station to the 
car on 600 volts. Is not that rather high? 

W. J. Davis, Jr.: The value given is based on 90% efficiency 
for the trolley system, 83% for sub-stations, including transform- 
ers and synchronous converters, and 95% for the transmission 
line. 

L. M. Zapp: Of course that would depend on the load- 
factor and also on the magnitude of the system, whether it is 
only a 50-mile system operating from one power station, or a 
300-mile system. The load-factor on an interurban line operat- 
ing half-hour or even hour schedules will very seldom be greater 
than 35%, if storage-batteries are not used. May I ask Mr. 
Gould if he remembers just what his figures are? 

Mr. Gould: They will not average 35%. 

W. J. Davis, Jr.: Do you remember what your efficiency is? 

Mr. Gould: About 75% from the sub-stations bus-bar. 

L. M. Zapp: Ina paper written by Mr. A. S. Richey, electri- 
cal engineer of the Indiana Union Traction Company, he said 
that the average efficiency of transmission from power station 
to the car motors on that system was a little better than 56%. 
That was on about a 300-mile, single-track system. I was connect- 
ed with that road, and I remember that with 13 sub-stations we 
got an average efficiency from power station bus-bars to sub- 
station bus-bars of about 70%. The sub-stations would average 
about 15 miles apart. The feeder was nearly all 500,000 cir- 
cular mils. Mr. Richey’s later tests showed that the average 
efficiency to the car motor was only about 55 or 56%. That 
being the case, it would make the figures still more favorable 
to the alternating-current railway. 

I. E. Brooke: In the alternating-current system with sub- 
stations 32 miles apart, what system of lightning protection is 
used for the catenary? Is there any other protection than 
that at the sub-stations themselves? 

W. J. Davis, Jr: I think it would be well to have lightning- 
arresters more frequently than at the sub-stations. It is usual 
to place pole arresters about one mile apart. 

I. E. Brook: It is a simple matter in a direct-current system 
to put up a lightning-arrester on a pole every 1000 ft. or so. 
With 6000 volts it is a different proposition. 

W. J. Davis, Jr.: Yes; they should be boxed in. 

I. E. Brook: What are railway engineers doing at present 
with three-phase motors for heavy power work? Has that 
proposition been dropped or are they still considering it? 

W. J. Davis, Jr.: There is quite a well defined field for the 
three-phase motor. That field, however, apparently does not 
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exist in interurban railway work, but it has been found to be 
especially applicable to hauling trains on heavy mountain grades 
reaching 2% and 2.5% and covering sections of 10 to 30 miles. 
By the use of the three-phase motor, it is possible without 
material complication in the control system to return power 
to the line on descending grades. Power saved by such regen- 
eration is of secondary importance, however, as the greatest 
gain is made by the saving in wear on wheels and brake-sho s. 

The company with which I am connected has not yet built 
a locomotive of this type, but a large number of designs have 
been investigated, and there are no physical reasons why such 
locomotives cannot be built as powerful and as reliable as direct- 
current or single-phase locomotives. 

H. R. King: What is the character of the station in a 1200- 
volt-direct-current equipment ; that is, the character of the gener- 
ator equipment ? 

W. ]. Davis, Jr.: With one exception the roads now being 
built will use two synchronous converters connected in series. It 
is perfectly feasible to build reliable 1200-volt, direct-current 
generators or synchronous converters. , 

Mr. Hatch: In regard to the 1200-volt line now building 
from Seymour to Sellersburg. If I remember aright the cur- 
rent out of Indianapolis is 550 volts; then there is a stretch 
using 1200 volts, and on the other end of the line I believe it 
is 650 volts. Will they be able to run any car clear through 
on that line? 

W. J. Davis, Jr.: Yes: the motors will be wound for 600 volts, 
and on the 550- and 650-volt sections they will run at full 
maximum speed with motors in multiple. For 1200 volts, the 
motors will be connected in groups, two series, two multiple. 

Mr. Hatch: Would there have to be very much change in 
an ordinary direct-current car to do that ? 

W. J. Davis, Jr.: No; simply having a commutating switch 
which will change the grouping of the motors as the car passes 
from one section to the other. 

Mr. Hatch: Practically the same specd? 

W. J. Davis, Jr.: Yes. The volts per motor will be the same 
for 1200- as for 600-volt operation. There тау be cases where 
it is desirable to run at half speed on the 600-volt section; namelv, 
within city limits. Here it might be well to use a 1200-volt 
motor, although the same result can be obtained bv connecting 
in series-multiple groups, using 600-volt motors. 

E. N. Lake: What rate of acceleration have thev been able 
to attain with the later single-phase equipments? 

W. J. Davis, Jr.: That depends on the size of the motor and 
gear-reduction. Most interurban single-phase cars, geared 
for 40 to 45 miles an hour with four 75-h.p. motors, 42- 
ton car, will give about one mile per hour per second rate of 
acceleration. As a matter of fact, it is not essential to have a 
very high rate of acceleration for interurban work, because the 
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stops are infrequent (averaging about one in two miles) and 
the difference between one mile per hour per second and a mile 
and a quarter per hour per second, would not materially 
affect the running time. 

James Lyman: Mr. Junkersfeld has referred to the deprecia- 
tion. percentage. Mr. Davis’ figures are, I think conserv- 
ative. In the development of a new line of apparatus, 
like this alternating-current-direct-current car equipment, it is 
understood that there are some features that undoubtedly will 
become obsolete after a time and will have to be replaced. 
There is also а good deal of apparatus that can be depended 
upon as reliable and as slow in depreciation and good for 
many years. The question that confronts the railroad en- 
gineer 1s whether it is not better on new work where the con- 
ditions are favorable to get in line at the start for the alternat- 
ing-current type of apparatus that will soon become standard 
practice and which will eventually, 1f not at once, show marked 
economy over the standard 600-volt, direct-current system. 
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THE TRANSMISSION PLANT OF THE NIAGARA, LOCK- 
PORT AND ONTARIO POWER COMPANY 


BY RALPH D. MERSIION 


On the seventh day of Julv, 1906, there was put into opera- 
tion the first of the transmission lines of the Niagara, Lockport 
and Ontario Power Companv. This event marks the inaugura- 
tion of one of the first undertakings in the matter of distrib- 
uting Niagara power over a large section of country, and the 
beginning of an enterprise which is one of the most important, 
and in some respects the most important, of its kind anywhere 
in the world. 

The plans realized at present and contemplated for the im- 
mediate future, in the plant of the Niagara, Lockport and On- 
tano Power Company, involve a maximum transmission dis- 
tance of 160 miles. This distance puts the plant amongst the 
longest transmissions of the world. As regards capacity, the 
plant of the Niagara, Lockport and Ontario Power Company 
is now one of the most important in existence, and, in the near 
future, its capacity will be far in excess of any other transmission 
svstem in the world. In addition to these points of importance, 
there are a number of engineering features somewhat out of 
the usual line of transmission practice which make the installa- 
tion of interest from an engineering standpoint. Inasmuch as 
the description of such a plant is usually more satisfactorilv 
accomplished through pictures than otherwise, thev will be 
mainlv resorted to herein, with the aid of only such brief text 
as may be necessary to cover points which cannot be well 
shown in illustrations. 

The prospective system of the Niagara, Lockport and Ontario 
Power Company is a comprehensive one for the deliverv of power 
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in the United States within an economic transmission radius 
of Niagara Falls, and especiallv for its delivery in the northern 
and western portions of the state of New York. The company 
expects within the next two vears to be transmitting 60,000 
horse power, and its present right-of-wav purchases are with 
reference to an ultimate transmission of 180,000 horse power. 
The plans of the companv as at present laid out contemplate 
the transmission of this power Ьу means of main lines and branch 
lines therefrom; the contracts for power being, wherever pos- 
sible, made for deliverv of the power at the main-line voltage 
of 60.000, less line drop. Where, however, the business of a 
given territory will justify it, the company will install step-down 
transformer stations for the deliverv of power at a lower voltage. 
Each of the main transmission circuits will be capable of re- 
ceiving and transmitting 30,000 horse power at 60,000 volts, 
and it is intended alwavs to provide a sufficient number of spare 
main transmission lines to insure continuity of service on the 
main line. Spare lines will be provided in the case of branch 
lines only when the latter are of considerable 1mportance. 

The Niagara, Lockport and Ontario Power Company is only 
a transmission company; that is, it buys the power to be 
transmitted and has, therefore, no generating plant of its own. 
The power for the transmission is generated in the hvdraulic 
power station of the Ontario Power Company, situated on the 
Canadian side of Niagara Falls. The water for this station is 
taken from the Niagara River, some distance above the falls, 
whence it is brought to a point at the top of the cliff, a short 
distance below the falls, through underground steel conduits, 
and from this point delivered through underground penstocks 
to the power station located at the bottom of the cliff, near the 
foot of the falls. 

The power house contains the generating units with their 
exciters and switchboard apparatus. The generators have a 
capacity of 7,500 kw. each, and deliver three-phase, 25-cycle 
current at 12,000 volts. From the power station the current 
is taken at 12,000 volts to the transforming and switching 
station of the Ontario Power Company located on the bluff 
above the falls. It is stepped up from 12,000 volts to 62,500 
volts, and at this latter voltage delivered to the transmission 
lines. The transmission lines of the Ontario Power Company 
extend from their transforming station to a point some six 
miles farther down the Niagara River, at which point the 
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lines connect to circuits spanning the Niagara River. Тһе 
Niagara, Lockport and Ontario Power Company takes delivery 
of the electric power at the international boundary line in the 
middle of the Niagara River. 

At the present time, the Niagara, Lockport and Ontario Power 
Company has in its possession a private right-of-way 300 
feet wide from the Niagara River to the town of Lockport, 
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Fic. 3. —Niagara crossing, top of water.edge towers. 


about 16 miles east; from Lockport east to Mortimer (six miles 
south of Rochester), a private right-of-way 200 feet wide, a 
distance of about 57 miles; from Mortimer to Fairport a 100-foot 
private right-of-way a distance of 10 miles; from Fairport to 
Syracuse a private right-of-wav 75 feet wide, a distance of 71 
miles. From Lockport south, in the direction of Buffalo, the 
company has a private right-of-wav 100 feet wide. In ad- 
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dition to this, the company has the right to install transmission 
lines on the right-of-wav of the West Shore Railroad and has 
acquired the necessarv private right-of-way to get from their 
main private right-of-way to that of the railroad company. 

The installation which the company has now in operation is 
for receiving 30,000 horse power and delivering this amount, less 
the line loss. The main transmission consists of two lines in 
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Fic. 4.-- Niagara crossing, cantilevers, American side 


duplicate. From the Niagara River to Lockport, a distance 
of 16 miles, there are two lines on the company's private right- 
of-way, each capable of transmitting 30,000 horse power. From 
Lockport to Mortimer, a distance of 57 miles, there is a line 
on the companv's private right-of-wav having a capacity of 
20,000 horse power. From Mortimer east to Svracuse, a dis- 
tance of 81 miles, there is a line on the company’s right-of-way 


1907] ONTARIO TRANSMISSION PLANT 1373 


having a capacity of 10,000 horse power. From Lockport to 
a point about 11 miles east and thence south on the company's 
private right-of-way to the West Shore Railroad, thence on the 
West Shore Railroad to Pittsford is a line having a capacitv of 
20,000 horse-power. From Pittsford on the West Shore Railroad 
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right-of-way east to Syracuse is a line having a capacity of 
10,000 horse power. From Lockport south to a point south of 
Buffalo, there are two transmission lines on the private right- 
of-way of the company, each having a capacity of 30,000 horse 
power. These two lines south are tapped into the two lines 


NIAGARA, LOCKPORT AND [June 26 


MERSHON: 


1374 


ojpogng ол odyo woaz souy uorssusueg1T[ —':9 “Oy 


1907] ONTARIO TRANSMISSION PLANT 1375 


coming from the Niagara River to Lockport, and constitute, 
therefore. at present, a branch line; but they will be eventually 
extended clear through to the Niagara River, and it is in 
anticipation of this extension that they are constructed with the 
full capacity of 30,000 horse power.. As will be seen from the 
above, the distance from the Niagara River to Syracuse is 154 
miles. In addition to this, the transmission from the trans- 
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Fic. 7.—950-foot span over Buffalo cree 


forming station of the Ontario Power Company to the Niagara 
River has a length of about 6 miles, making, as previously 
mentioned, a maximum transmission of 160 miles. 

It will be seen, therefore, that in delivering power in Lock- 
port, and in the neighborhood of Buffalo, Rochester, Svracuse, 
and at intermediate points, the companv will have transmission 
circuits in duplicate, each capable of transmitting the full 
amount of power to be delivered at the several points. 
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As previously stated, the power is brought across the Niagara 
River by means of aerial cables spanning the river, and de- 
livery of the power is taken by the transmission company at 
the international boundary line. The cables are brought across 
the river 1n three spans, one span from steel cantilevers at the 
top of the cliff on the Canadian side to steel towers at the water's 
edge on the Canadian side; another span from the water-edge 
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Fic. 8.—1253-foot span over swamp 


towers on the Canadian side to the corresponding towers on 
the American side; and a third span from the steel water-edge 
towers on the American side to the steel cantilevers at the top 
of the cliff on the American side. The use of cantilevers is 
necessitated mainly by reason of the steep angle at which the 
cable descends from the top of the cliff. Their use also makes 
possible the required clearance between the cable and the slope 
of the gorge, a point of special importance on the American 
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Fic. 10.— Top of double-guved steel tower 
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side in view of the fact that one of the branch lines of the New 
York Central Railroad 1s on the American slope of the gorge. 
The steep slope of the cable at the cantilevers would make it 
bear upon the upper petticoat of the insulator supporting it, 
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Fic. 11.—Tower in Montezuma swamp 


if the cable were attached to the top of the insulator in the 
usual way. As will be seen by the photographs of the canti- 
levers, this difficulty is obviated by attaching the cable to a 
steel cross-bar supported at each end by an insulator. 
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"The steel cantilevers and the river-edge towers are all designed 
to withstand the most extreme conditions of sleet and wind 
that will probably ever exist. The requisite mechanical strength 
of the insulation at the points where the cables are attached to 
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Fic. 12.—Line structure lightning-arrester on steel tower 


the steel structures 1s obtained by using a sufficient number of 
line insulators, and the proper distribution amongst these in- 
sulators of the forces which will come upon them is effected by 
means of malleable cast-iron caps cemented to the tops of the 
insulators and to which the cables are fastened. 
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It was originally intended, and provided for in the contract 
with the Ontario Power Company, that just after crossing the 
river the 60,000-volt lines should be led into a switching sta- 
tion in which, by means of 60,000-volt electrically operated 
oil-switches, it would be possible to interchange the circuits 
coming into and going out of this station. The building itself 
for this switching station has been completed, but, before the 
equipment of the station had been installed, arrangements 
were made with the Ontario Power Company to defer the 
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Fic. 13.--Stringing line cable 


outlay for such equipment until the use of it should be more 
necessary than at the present time, when only two lines are in 
operation. 

The main-line construction of the Niagara, Lockport and 
Ontario Power Company is most substantial. With the exception 
of that portion of the main line on the West Shore Railroad be- 
tween Churchville and Syracuse, the main-line structures are all 
steel towers, and the standard line-span is 550 feet. Оп some 
portions of the transmission line, however, much longer spans 
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are used, the longest at present installed being 1,253 feet. In 
some cases these long spans had to be provided with towers 
heavier than the standard; in other cases it was possible to 
put them up with little, if any, modification of the standard 
tower construction. For a number of reasons, the principal 
one being lack of the requisite space, it was necessary to use 
on the West Shore right-of-way between Churchville and 


Fic. 14.— Tower delivered ready for assembling 


Syracuse wooden construction of special design which will be 
described later on, the standard span being 220 feet. In every 
case on the 60,000-volt lines, each line of towers or wooden 
structures carries only one three-phase circuit. The main line 
conductors installed so far are all of them of aluminum cable, 
except on a portion of the line between Mortimer and Syracuse 
where, because of the long spans emploved, it is preferable to 
use copper. 
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The first of the steel towers installed were of the tripod type, 
made of lap-welded pipe; but the later towers, and those which 
in the near future will be installed, are of structural shapes and 
galvanized. The design of these two types of towers is shown 
in the accompanying illustrations. Two types of the structural 
tower are shown. The earlier ones were non-interchangeable; 
that is, the guyed towers differed in construction from the un- 
guyed towers. The later towers are interchangeable; that is, 
the guyed and unguyed towers are exactly similar except for 
the guys and double insulators of the former. Contrary to the 


|» Fic. 15,—Assembling tower (1) . 


practice which has heretofore been followed in the matter of 
steel line towers, the towers of this transmission line are mounted 
on foundations of reinforced concrete. These foundations are 
designed to utilize the weight of the earth around them in re- 
sisting uplift. The towers and their foundations are capable 
of withstanding transverse forces which will be brought upon 
them when the line cables are covered with 0.5 in. of ice all 
around them and the wind blowing transverse to the line at a 
velocity of 75 miles an hour. The towers have the same strength 
in all directions; that is, thev are capable of withstanding the 
same forces in the direction of the line that thev are capable of 
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withstanding transverse to the line. To meet the contingency, 
not likely to occur, of allthree cables breaking at once,in which 
case the full tension of all the cables might be brought upon 
the towers, there are at intervals along the line certain towers 
guved both ways in the direction of the transmission line, and 
having double fixtures. The strength of these guved towers 
is such as would enable them to withstand the forces that 
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Fic. 16.—Assembling tower (2) 


would obtain under the extreme conditions outlined above, if 
all the line cables should break. The guyed towers will, there- 
fore, terminate any progressive failure of the line which might 
under extreme conditions be instituted by the breaking of 
cables. 

As stated above, on the West Shore right-of-way it was neces- 
sarv to use wooden line structures. The tvpe of construction 
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employed is that which has been designated by the companv 
as '" A-frame construction." It is clearly shown in one of the 
accompanying cuts. By adopting this type of construction, in 
which each structure consists of two poles instead of one, it 
is possible to use twice the length of span that would be used in 
ordinary wooden pole construction, and employ, therefore, one- 
half the number of insulators. As stated above, the standard 
length of span of this type of construction is 220 feet. On 
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Fic. 17.—Foot of tower, showing method of fastening tower to 
foundation 


some portions of the West Shore right-of-way it was necessary 
to use steel construction, and in such places there were installed 
galvanized lattice steel poles, such as are shown in one of the 
illustrations. The span on these poles is the same as that 
on the A-frame construction. 

In a number of places on the main line, both on the West 
Shore and on the private right-of-way, it is necessary to cross 
the Montezuma marsh. Where this marsh was crossed with 
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steel tower construction, the concrete foundations for the 
steel towers were built by first excavating the swamp through 
the soft mud until the soft marl, forming the sub-stratum of 
the swamp, was reached. On the marl was laid a platform of 
two layers of corduroy, and on this platform was built the con- 
crete foundations, the weight of which was made sufficient to 
take care of any uplift which will come upon the towers. These 
foundations were installed, some of them, in cold weather and, 
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Fic. 18.—Tower foundation dug up for purpose of relocation 


so far, they have shown no settlement. Where this marsh was 
crossed with A-frame construction, it was found in places much 
too expensive to excavate for the proper foundation for the 
A-fraines. The A-frames were, therefore, installed by laying 
on top of the ground, four line poles in two pairs, the poles 
of one pair being parallel to the line, and the poles of the other 
pair being at right angles to the line. These poles were spiked 
together at the point where they cross, and at the point of 
crossing the A-frame spiked to them, the A-frame being further 


1907] ONTARIO TRANSMISSION PLANT 1387 


secured to the poles by braces. On each end of each pair of 
poles was spiked a box, built up of planking and filled with 
stone, in order to give sufficient weight to take the uplift due 
to any pull at the top of the tower. This structure, while far 
from beautiful, has, so far, proved very satisfactory. The 
tower construction and the A-frame construction in swamps are 
shown in the illustrations. | 

It will be noted that, in some of the illustrations of the towers 
and A-frames, there is shown a horn attached to a cap on the 
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Fic. 19.—Erecting 75-foot tower (1) 
top of the insulator and another horn alongside of it fastened 
to the structure and extending some distance above the in- 
sulator. This comprises a combined line structure lightning- 
arrester, or spark-gap, and lightning-rod. It has been decided 
to make a careful trial of this method of protection of the 
line before resorting to a grounded cable; partly because of the 
great expense of the grounded cable, and partly because there 
is no reason to think, so far, that it will necessarily afford com- 
plete protection in every case. For the present. these line- 
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structure lightning-arresters will be installed onlv on the top 
cable, in view of the fact that during the last lightning season, 
in the course of which a number of insulators were broken by 
lightning, more than three-fourths of the insulators so broken 
were top insulators. 

The insulator used on all the main-line construction is one 
especially designed for this plant by the writer. It has prob- 
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Fic. 20.—Erecting 75-foot tower (2) 


ably the greatest factor of safety as regards flashing, etc., of 
апу insulator in practical use to-day, and is considerably larger 
and heavier than anv insulator of which corresponding use has 
heretofore been made. It consists of three shells nesting in 
one another and cemented together by means of neat Portland 
cement, the whole insulator being cemented in a similar manner 
to a steel pin before attachment to the tower. The insulator 
is clearly shown in one of the illustrations. The total height 
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of it from the edge of the lower petticoat to the top of the head 
is 19 inches. The diameter of the upper petticoat 15 14.5 inches. 
The insulator used on some of the branch lines is smaller and 
less expensive than that for the main line, partly because the 
branch lines receive in: general a somewhat lower voltage than 
the main line and partly because the lines, carrying the small 
amounts of power they do, are not considered to be entitled 


Fic. 21.—The making of a joint (1) 


to the same insurance as the main line. Each branch line has 
in series with it, at the point where it is tapped off the main 
line, 60,000-volt outdoor fuses to cut out the line in case of 
trouble on it. The fuses consist of lengths of thin copper 
wire 16 feet long, run through an ordinary small rubber bath- 
room hose and laid in clips on top of a wooden bar, supported 
at each end and at the center by line insulators mounted on poles. 
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The fuses are parallel to each other in the same horizontal plane, 
and the distance from center to center is about 25 feet. These 
fuses have so far proved verv satisfactory but will probably 
in time be replaced with fuses of the explosion type. The 
outdoor 60,000-volt fuses are shown in one of the illustrations. 

There are onlv three sizes of cables used on the main trans- 
mission line, designated bv the company as 3,3, 2/3, and 1/3 
respectively. The 3/3 cable 1s aluminum cable, consisting of 
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Fic. 22.—The making of a joint (2) 


19 strands. and having a total area of 642,800 cir. mils, being 
equivalent to 400,000 cir. mils copper. The areas of cross- 
section of the other cables are respectively two-thirds and 
and one-third that of the large one. 

In ordinary straight-awav work, the cables lie in the top 
groove of the insulator, and the pull of the cable is taken care 
of by means of two aluminum wire ties around the neck of the 
insulator. One of these ties extends each way along the cable. 
The tie itself consists of a single loop around the neck of the 
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insulator, the two ends of the loop being twisted around the 
line cable. The result is that the cable is not really fastened 
to the insulator at all, but simplv lies in the top groove. The 
ties do not, therefore, perform anv function, except when there 
is a pull on the cable tending to slide it in the direction of its 


Fic. 23.— The making of a joint (3) joint complete 
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length. The advantage of such a tie is twofold: first; the 
full strength of the tie wire 1s developed, which 1s not the case 
if a tie is twisted or '' pig-tailed," since in such case the ten- 
dency is for the tie to cut itself in two at the twist; secondly, 
the tie does not damage the soft aluminum cable, as would Бе 
the case with most of the other ties usually emploved. 
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In other than straight-awav work, and where it is desirable 
that the method of fastening to the insulator shall be such as 
¿Will withstand a pull equal to the full strength of the cable, 
in case the cable should break, the tie mentioned above is not 
used, but instead there is emploved a cable-clamp and a voke 
extending each way on the cable. 
In every case the cable near the insulator is protected from 
possible arcs, so that in the event of an arc there will be a chance 
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Fic. 24.—60.000-volt main-line insulator with tie and cable protection 


for the circuit-breaker at the generating station to open before 
the cable shall have been burned off. This protection is accom- 
plished in the top groove of the insulator by means of sheet 
aluminum wrapped around the cable at this point to a thick- 
ness of $ inch, and is accomplished on each side of the head 
of the insulator to a distance of 12 inches from the head рагу 
Ьу the turns of the tie-wire mentioned above, and partlv bv 
an additional serving of tie-wire. Where, in the case of the use 
of cable-clamps, no tie-wire is used, its absence is made up 
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for by additional serving. The photographs show very clearlv 
the methods of attaching the cables to the insulators and the 
methods of protecting the cables from arcs. 

The ends of the line cables are connected by means of twisted- 
sleeve joints. The method of making these joints is shown in 
the illustrations. 


.---60,000- volt outdoor line disconnecting switch 
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At intervals along the line there are provided disconnecting 
switches for sectioning the line to facilitate testing out in case 
of trouble, or cutting out anv portion of the line which is dam- 
aged. "There are also provided at certain points in connection 
with these disconnecting switches, cross-connecting switches, 
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enabling the interconnection of different portions of the two 
lines. 

On a considerable portion of the company's right-of-way is 
a wagon road, for use in patrolling the line and delivering mate- 


>. Sat 
Fic. 26.—Standard A-frame construction showing line structure lightning- 
arrester 


nals for construction or repair. At certain points along the 
line there are patrol houses for the storage of material, for 
taking care of teams, and for the comfortable housing of the 
patrolmen. Each house has in it a sleeping room, kitchen, and 
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Fic. 27.—A-frame construction Montezuma swamp 


1396 MERSHON: NIAGARA, LOCKPORT AND [June 26 


MS тә? & > 
uo TE du 
tS. І 


T 
© 


28.—A-frame disconnecting switches 
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sitting room. On all of the transmission lines, also, the com- 
pany has a private telephone line on a separate set of wooden 
poles. Taps from this line are brought into each of the trans- 
mission houses, and in addition to this the line patrolmen have 
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Fic. 29—A-frame transposition 


portable telephones which can be connected to the telephone 
line at any point. 

Most of the contracts which the company has for the supply 
of power cover the delivery of the power at the main-line voltage. 
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Еіс. 30.—Galvanized steel poles on railway 
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Thus far the company has installed only three sub-stations, 
two of them of considerable size at Lockport and Gardenville, 
respectively, and one at Baldwinsville, a very small and com- 
paratively inexpensive one. The stations at Lockport and 
Gardenville have each a normal capacity of 3,000 kw. not in- 
cluding the spare apparatus. They are so designed that their 
capacity can be indefinitely increased. The Baldwinsville sta- 
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Fic. 31.—Lockport sub-station showing 11,000-volt outdoor lightning- 
| arresters 


tion has a capacity of 750 kw. The station at Lockport has 
been installed and in operation for some time. That at Garden- 
ville is about complete, but not yet in operation. The accom- 
panying illustrations will, in a general way, make clear the tvpe 
of construction employed in the Lockport and Gardenville 
sub-stations; but as there are a number of features in connection 
with these sub-stations which are quite different fromordinary 
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Fic. 32.—Lockport sub-station showing outdoor 60,000-volt bus-bars 
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practice in these matters, a brief description of them will be in 
order. 

The 60,000-volt bus-bars at these sub-stations are outdoors; 
in other words, these bus-bars have been treated exactly as if 


Fic. 33.— Transformer room, Lockport sub-station 


in a manner, so far as insulation 1s concerned, similar to the 
transmission-line cables. In connection with them are dis- 
connecting switches as shown in the accompanying cut for making 


they were part of the transmission line and located out of doors 
various combinations of the apparatus connected to them. Of 
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course, the disconnecting switches are not intended to break 
the working current. When it is necessary to break the circuit 
under load, it will be accomplished by means of the 60,000-volt 
electrically operated oil-switches installed in the station which, 
in the case of the Lockport sub-station, serve also for the con- 
trol of the two lines to the Buffalo district. 
Another feature out of the ordinary in connection with this 


Fic. 34.— Switchboard room, Locxport sub-station 


station is the lightning-arrester equipment. This equipment is 
also out of doors, and consists of a number of horn-type lightning- 
arresters mounted on wooden poles in much the same manner 
as such arresters are ordinarily mounted. The installation 
differs, however, from the ordinary. lightning-arrester installa- 
tion of this kind, for instead of there being only one pair 
of horns for each line conductor, there are three such pairs. 
One pair is set for a comparatively low striking electromotive 
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force and has in series with it a high resistance; the next pair 
is set for a higher striking electromotive force, and has in series 
with it a lower resistance; a third pair is set for very high strik- 
ing electromotive force and has a fuse in series with it. 

The theory on which these arresters are installed is that for 
ordinary slight static disturbances in the line the arrester having 
the lower striking electromotive force will discharge, and, since 
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Fig. 35.—60,000-volt oil switch and circuit breaker, electrically operated 


it has in series with it a comparatively high resistance, the re- 
sultant disturbance to the system due to the generated current 
which follows the discharge will be comparatively slight. A 
more severe static disturbance (whether due to lightning or to 
any other source), will cause both the arrester having the lowest 
gap and the arrester having the next higher gap to discharge 
simultaneously, thus affording two discharge paths to earth, 
the combined resistance and inductance of which is considerably 
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Fic. 36.—60,000-volt lightning-arrester equipment; two 3-phase circuits 
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lower than that of the first path. This will mean a somewhat 
more severe disturbing effect on the system, due to the generated 
current which follows. In the case of a very extreme condition; 
for instance, a direct lightning stroke on the line, the three 
arresters would discharge simultaneously, the fuse, in the case 
of the arrester with the highest air-gap, blowing and inter- 
rupting the arc upon it, the disturbance of the circuit finally 
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Fic. 37.—Baldwinsville sub-station, showing lightning-arresters 


ending upon the other two arresters. Judging from experience 
in the case of other plants with a much less elaborate arrange- 
ment than that outlined, and the experience during the last 
lightning season with the protection afforded at the Lockport 
station, the writer believes this method of protection to be 
entirely effective in the matter of preventing damage to appar- 
atus in the sub-station. Such an installation may, in the case 


1406 MERSHON: NIAGARA, LOCKPORT AND [June 26 


of a very severe discharge, such as that due to a direct stroke of 
lightning, mean a temporary shutdown of the system, or at any 
rate of the synchronous apparatus operating upon it; but it 
does not necessarily follow that this will be the case if ex- 
pulsion fuses be used on the highest gap arrester. Such fuses 
as have been experimented with in connection with this work 
operated very satisfactorily. It may be noted in passing that 
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Fic. 38.— Typical patrol house 


a lightning-arrester equipment similar to that just described 
for sub-stations is installed also at each point where a branch 
line is taken off at the main line. 

The other features of this station аге very similar to those 
usually found in such installations. There is a complete 
svstem of oil piping for putting oil into or removing it from the 
transformers and oil-switches, and also for storing oil, to re- 
place that in the transformers and switches when it may become 
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necessary. There is also provided outside of the building an 
oil-storage tank for storing oil that has been damaged until 
such time as it is convenient to put it through the oil-cleaning 
apparatus. In view of the fact that there is no other con- 
tinuous water supply available at this sub-station, it has been 
necessary to drill wells for the supply of water for cooling the 
transformers. In connection with these wells there has been 
installed a pumping plant, a water tower, and a cooling pond, 
the latter for use in case the wells should not be able continu- 
ously to supply all the water required. 

There will be installed shortly on the company's system two 
switching stations, one at Mortimer and one at Syracuse. The 
one at Syracuse will be for taking care of the two incoming 
10,000-h.p. lines and the outgoing lines to the consumers 
in Syracuse. The one at Mortimer will be for taking care of the 
two incoming 20,000-h.p. lines and five outgoing lines, 
two of them being a line in duplicate to Rochester; two of them 
the line in duplicate to Syracuse, and one the Avon branch line 
supplying several installations, amongst them the station of 
the Erie Railroad Company, operating their trolley line between 
Rochester and Avon. Both these switching stations will be 
equipped with the 60,000-volt electrically operated oil-switches, 
reverse relays, and other apparatus necessary for properly man- 
ipulating the circuits which they control. 

The transmission lines of this company cross the nghts-of-way 
of a number of railway companies, and some difficulty has been 
had in arriving at a satisfactory arrangement with the rail- 
ways in regard to these crossings. In general, the attitude of 
the railways is that of being unduly fearful of the transmission 
lines, and requiring protective precautions of one kind or an- 
other. It is, however, gratifying to note that in every case 
the railway companies have, on investigation, been so well 
satisfied with the reliability of the transmission. company's 
type of line construction as to waive the elaborate steel pro- 
tective bridges which have been insisted upon at times in the 
past, and in most cases little or no extra precautions have been 
required. 

The transmission plant has been built in accordance with the 
designs of the writer, acting as chief engineer of the Niagara, 
Lockport and Ontario Power Company, and has been constructed 
under his supervision and that of his assistant in the work, 
Mr. H. L. St. George. 
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LINE CONSTANTS AND ABNORMAL VOLTAGES AND 
CURRENTS IN HIGH-POTENTIAL TRANSMIS- 
SIONS 


BY ERNST J. BERG 


With a large number of the very high voltage transmission 
systems being planned at present, the information readily 
available in regard to capacity, inductance, etc., of transmission 
lines, is not sufficient to pass upon some of the important ques- 
tions which necessarily will be brought up. Below are given, 
therefore, the equations from which these constants can be 


determined. 
_ 161 Я + 


where L is inductance per mile of wire (single phase or three 
phase) expressed in millihenrys; D is the distance between cen- 
tre of wires ;* d is the diameter of wire in same unit as D. 
The capacity between one wire and neutral, whether single- 
or three-phase circuit, 15 
890 k 386 k 


C= 10 4, 2D д 2D 
Be ad MENT. 


Where C is expressed in microfarads per mile of wire against 
neutral, D and d in the same units as before. k is the specific 
inductive capacity, which for air is 1. 

Neglecting the quantity 4 inside the parenthesis in the in- 


*To be absolutely accurate, D is the distance between the center of 
one conductor and the surface of the other. 
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ductance formula, which is permissible if the distance between 
the wires is large compared with their diameter, we get 


742 log 2 P. 
naso i л 
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386 k 
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We see at once that the product of inductance and capacity 
is constant, regardless of the distance between wires or their 
diameters; 

. 286 
rLC = =— 
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where Г, is expressed in millihenrys, and C in microfarads, both 
referring to one mile of wire; 


286 
or L,C, = 10% 
If L, and C, are expressed in henrys and farads; therefore, 
if М = number of miles of wire, we get: 


А 286 ЛГ 
Due 
where L', and C', are the total inductances and capacities of 
each wire in the system. 

The natural period ; that is, the frequency at which the sys- 
tem oscilates due to its own constants, depends only upon 
the inductance and capacity, as long as the resistance is reason- 
ably low so that oscillation can occur. 

With concentrated inductance and capacity, it 1s expressed 

1 
2r LC 
With distributed capacity, Steinmetz has shown that the 


as f= 


1 
-frequency is expressed by -—- — = where L and C are given 
q y P у 4 VLC g 
in henrys and farads. 
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Since, as shown above, the product L C is independent of 
distances of conductors or their size, it is therefore evident 
that the natural frequency is also independent of these constants 
and depends only upon the distance of transmission. 

Generally, when discussing the natural frequency of a line, 
we mean the frequency which the line. would have if charged 
above the ground potential by atmospheric influence, and 
suddenly relieved of the charge. In this case we should con- 
sider the inductance and capacity against ground. These are 
found by the following equations: 
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where L, and C, are given in millihenrvs and farads. 
M 15 number of miles of wire; D is distance of the conductor 
above the ground; d is the diameter of the conductor. 

The frequency so obtained is, of course, the same as when using 
the inductance and capacitv between wires. А ready way to 
determine the natural frequency of the line is to calculate it 
from the fact that the length of the line constitutes one-quarter 
of the wave, so that, since the velocity of electrical propa- 
gation is the same as that of light, the frequency, for instance, 
for a line 150 miles long, is 


ISO = 312 cycles. 

It is, of course, important that the fundamental frequency, 
or that of any prominent harmonic, shall not be the same as 
the natural period of the line, since, when that is the case, 
destructive resonance phenomena are likely to happen. 

It has hardly been appreciated that, of the higher harmonics, 
the third cannot exist in a threc-phase line, although it is the 
most prominent in the gencrator. (Unless the Y Y connection of 
transformers is used, which is not good enginecring. But even 
in that case the triple harmonic appears only in the potential 
against ground, never in the voltage between the lines.) We 
need, therefore, consider the fifth harmonic more particularly ; 
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so for instance, in a line 150 miles long, the frequency of the 
fifth harmonic is obviously five times that of the fundamental. 
Consequently, in а 60-cycle circuit we have 300 cycles, which 
is very closely the same as the natural period of the line. 60 
cvcles would therefore not be feasible unless the line were arti- 
ficially loaded. 

It is perhaps opportune to give an average value of inductance 
and capacity in high-potential lines. By assuming the in- 
ductance as 1.75 millihenrys per mile of wire, and a capacity 
of 0.0165 mf. per mile of wire, an error of more than 15% can 
not well be made, when referring to transmissions of from 
30,000 to 100,000 volts, and conductors from 0.25 in. to 1 in. 
in diameter. Since, furthermore, in these high-potential lines 
it is alwavs necessary to have at least two lines in parallel, it is 
well to bear in mind that in doing so the ohmic drop is the same, 
whereas the inductive drop is one half and the charging current 
is twice as large as with one line. The reactance corresponding 
to certain inductance is expressed by the following formula: 


The reactance x = с 


The charging current J, is expressed by the following formula: 


2znCE 
I, = 10° 


where » is the frequency, L is the inductance in millihenrys, 
C is the capacity in microfarads, E is the voltage to neutral 
plain. 

If L and C correspond to one mile of wire, x and J, obviously 
also refer to the same. 

It 1s interesting to note in connection with this, that since 
the voltage to the neutral in a single-phase system is one-half, 
and in a three-phase system = 0.55 of the line voltage, the 
charging current per wire for a given line voltage is 166, greater 
in a three-phase system than in a single-phase system. 

With the help of these constants, we can now readily cal- 
culate sume of the abnormal phenomena. 


1. ABNORMAL VOLTAGE AND CURRENT IN OPENING OR CLOSING 
A Сїксшт 

To determine this it is necessary to calculate the stored en- 

ergy. The energy in joules (watt-seconds stored electro- 
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agnetically) is 0.5 L Г. The energy in joules stored electro- 
statically is 0.5 C Е. Where L and C are given in henrys and 
farads. 

Therefore, if the line is disconnected at the moment the 
current has a given value J, energy is stored which must be 
spent in some way. The only path for the current is formed by 
the line capacity, therefore the line becomes charged to a cer- 
tain voltage depending upon its constant; next it discharges 
through the inductance of the line, so charges again, etc. А 
current oscillates in the system until the energy is dissipated 
by the resistance of the line. Therefore, with low resistance 
there will be many surges; with high resistance, few. 

The two energy equations become: 


—— 


0.51, 7 -05CEthusE- I D 


or im E JE. 
T | 


Substituting the average values given above we get 


Е 
E = 325 I; and I = 355 


We see from this that the electromotive force induced on 
opening a circuit is independent of the length of the line. 

Opening a switch at full-load instantaneous value of current. 
In a 60,000 volt transmission of 20,000 kw. the rise will be 
60,000 volts per phase; consequentlv, the total voltage will be 
almost trebled. Interrupting the charging current will, however, 
give a very low rise, since the current is so small that there 
is no difficulty to be anticipated by disconnecting such line. 

But, in connecting the line the moment the electromotive 
force is maximum, a very considerable tnstantancous current will 


а Consequently, with a voltage between the 
lines of 60,000, when the voltage p.r phase is 34,700, the current 
would be about 100 amperes; whereas the charging current 
is probably about 10 amperes. 

It is also evident from this that we must use such circuit- 
interrupting devices as open when the current is small, prefer- 


flow, namely, 
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ably zero. From a great number of oscillograms we have found 
that our oil-switches break at zero value of current, and we 
find that no rise in voltage will occur when they are used. 
Indeed, from some oscillograms that have been made in which 
the circuit has been opened by air-switches, it would seem 
as if, when the line voltage is sufficiently high, the arc will keep 
on until the current value 1s decreased to such a small amount 
that, at the time of break, there is no serious rise in voltage, 
A gust of wind might, however, cause the circuit to be broken 
when the current is large, when, of course, a rise would take 
place. 

It is also interesting to note that, since the rise in voltage 
is independent of the line voltage, we are likely to have rela- 
tively worse stresses with low-voltage systems; although, to 
be sure, if the voltage is sufficiently low, the likelihood of the 
current being interrupted at any point but the zero point 15 
slight. These phenomena of large currents and high voltages 
in a line apply to grounded as well as non-grounded systems. 


2. ABNORMAL CURRENTS AND VOLTAGE STRESSES IN CONNECT- 
ING A TRANSFORMER TO A SYSTEM 


Outside of the ordinary stresses between adjacent turns, and 
winding against ground, there is a very high potential stress 
between the first few turns of the primary winding when the 
transformer is connected to a live line. The very first instant 
that connection 1s made, one part of the winding is raised at 
line potential, whereas the rest of the winding is still at ground 
potential. Consequently, the full voltage exists between the 
first turns. It is therefore necessary to insulate the first few 
turns extremely well as compared with the succeeding turns. 
It is also evident that when being thrown on the line the 
transformer may sometimes take a much larger current than 
the normal exciting current. If the transformer when last used 
was disconnected from the circuit when the flux was at its 
maximum value, the density will decrease after a short time 
to about 70' of the maximum value, as can be seen by studying 
the hysteresis loop. If now the transformer is connected to 
the circuit at such a point of the potential wave as requires 
increasing flux, the magnetizing current must be very large, 
since the iron is already at 70% of the saturation point. At 
the next instant, however, th: magnetic condition wiil adjust 
itsclf, so that the current 1s normal. The first large current 
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is, of course, of very short duration, but might well be twenty 
times the exciting current or two or three times full load. 


3. ABNORMAL VOLTAGE IN A NoN-GROUNDED SysTEM 


There has been a great deal of discussion about grounding 
or not grounding the neutral of transmission lines. For the 
very high voltages considered at present, I doubt very much 
if anything but a grounded system can be considered. When 
operating at such very high voltages, the difficulties of protecting 
a transmission, and indeed of building and installing the appar- 
atus, increases materially. In the wiring and line itself, a min- 
imum size of conductor, which already is quite large, is necessary 
in order to prevent corona effects. This corona involves loss 
in power and is a likely producer of nitric acid, which is detri- 
mental to adjacent insulation. 


Investigation of corona effects in parallel conductors: 


Let І = current flowing in conductor. 
I 


22x 


Magnetomotive force per unit length in zone = 


field intensity = 4z x m.m.f. = 


and magnetic flux in the zone — 21 х1хах 


thus total magnetic flux between wire and zone 


R 
-{ si ip 
X x Y 


r 


neglecting flux inside of wire. 


Therefore we can write the electromotive force corresponding 


to this flux E = k E 


The flux between x andřR is 


L; = 21" Š 


27,08 ав е - — —— MÀ — bh ki at aat 
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and corresponding electromotive force 


E, = k "lg — 
therefore, 
njo К 
EH. 5 т 
Е ^de R 
" 


The potential gradient is 


dEx 1 E 


ds é „К 


Therefore the potential gradient at the surface of the con- 


ductor is 5 = = and at the inside of the outside sphere 
: r "ig — 
r 
representing ground potential: 
S, = m 
R "lg F 


The stress is therefore as much greater at the conductor 
than at the shell as R is larger than r. 

Obviously, when applying this to parallel conductors, we 
should use as R, one-half the distance between conductors, and 
as E, the voltage to neutral. 

From a number of experiments, it looks as if the maximum 
stress that can be permitted in air is 100,000 volts per inch. 
Thus 5 = 100,000. Based upon this value we obtain the fol- 
lowing voltages of corona: 


No. 10 B&S No. 4 B&S No. 000 


r=0.05in.|r=0.10 im.|r=0.20 in.| r=0.5 in. r=l in. 


R E E E E E 
ОЙ даа аз ; 23000 39000 64000 115000 161000 
ГО 26500 46000 78000 150000 230000 
20 Mose tees 30000 93000 92000 184000 300000 
SO mn...... 34500 62000 110000 230000 390000 
OO THE wae 39000 69000 124000 264000 460000 


46000 «5000 156000 345000 620000 


eaa + е“ * 
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We see, for instance, that in a 60,000-volt ungrounded sys- 
tem, where the potential to ground can readily be 64,000 volts, 
the smallest wire that could be used in carrying the line through 
a wall having a hole 10 in. diameter is No. 000 B. & S. Any 
smaller wire would give corona affects. No. 4 B. & S. would, 


Fig. 1 


Fig.4- 


a T ъ 

SANUS 
T 
г 


b l 
Fig. 5 | Fig.6 


at the same voltage, require a hole of about 100 in. diameter. 

It is also evident that if, as often is the case, the high-potential 
bus-bars are carried in compartments within but a few inches 
of ground, we must expect corona effects, especially where there 
1s a sharp bend in the wires, whenever for some reason the volt- 
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age is increased above normal. Incidentally, we see the de- 
sirability of using large round bus-bars instead of small rectan- 
gular bars. 

The dielectric strength of insulating materials is greater than 
that of air, so for instance, from a number of experiments, it 
seems that insulation of strips of rubber has a strength of about 
350,000 volts per inch; oil of about 200,000 volts per inch; and 
varnished linen or paper between 250,000 and 300,000 volts 
per inch. It is evident from this that we cannot subj.ct this 
insulation to higher stress than this without causing deteriora- 
tion. In the following table is calculated how much insulation 
15 necessary w:th various sizes of wires and materials of various 
dielectric strengths. 
la It is interesting to sce that even with rubber insulation we 
should insulate a wire of 1 in. diameter with about 8 in. of in- 
sulation if subjected to 500,000 volts potential to ground. At 
300,000 volts we should need 2.27 in. of insulation. 

At 150,000 volts we should need 0.68 in. of insulation. 

At 60,000 volts we should need 0.20 in. of insulation. 

This would give no safety factor whatever. At 500,000 volts 
the smallest wire that can be insulated is about 1 in. in diam- 
eter. At 300,000 volts, 0.5 1n. in diameter; at 150,000 volts, 
0.20 1n. diameter; and 60,000 volts, a very small wire. 

But limiting the stress to 140,000 volts per inch we find that: 


For 500,000 volts the wire should be more than 2 in. in diam- 
eter. 
300,000 volts the wire should be about 2 in. in diameter. 
150,000 volts the wire should be just a little less than 1 in. 
in diameter. 
60,000 volts the wire should be 0.20 in. No. 000 B. & S. 
30,000 volts the wire should be 0.10 in. or No. 10 B. & S. 


It is evident from this that it 1s very essential to keep the 
maximum voltage down when considering voltages from 60,000 
to 100.000 volts. By grounding the neutral we limit this to 
586, of the voltage between lines. 

Apparent erratic voltage between terminal and ground. 
When measuring the voltage between any of the terminals and 
ground, it is observed that it is not definite but depends, essen- 
tially upon the resistance in the circuit. This, however, 15 
natural, as can be seen from the following reasoning: 

Let e be the voltage from terminal to ground; that is, the 


voltage across the resistance. 


1907] 
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IN INCHES WITH VARIOUS STRESSES AT 


= O С с © 


= со Coo = OOO © 


= Сс) Оо с © 


-оооо 
®&® 


.05 
.10 


S = 70,000 
5x 10?? 
1x10? 

6325 x 10" 

792400 

1258 


1925 X 10?! 
3981 x 10! 
3991 x 10* 
2623.5 
71.45 


1991 x 10 
1995 x 10* 
8934 
35.72 
7.512 


1380000 
325 
14.3 
2.28 
1.35 


о оосо 
OO 
© 
nes 


500,000 VOLTS TO GROUND 


S—140,000 | S= 200,000 
5X10"  ' 2506x 10!* 


3163 x 10% 708 x 10° 
1125x10? , 53220 
628.9 73.46 
34.49 11.16 


300,000 voLTS TO GROUND 


1991 x 10? 50236 x 10? 

1995 x 104 322500 

8934 3598 
35.72 9.7 
7.512 3.478 


150,000 voLTS TO GROUND 


997 60000 161800 
4666 179.8 
42.07 8.283 

3.755 1.739 
1.918 1.112 


60,000 voLTS TO GROUND 


203 20.04 
7.15 1.904 
1.5 0.6954 
0.68 0.4108 
0.54 0.35 


30,000 voLTS TO GROUND 


3.6 0.9529 

0.752 | 0.34477 
0.384 0.2232 

0.27 0.1748 

0.24 0.162 


15.000 voLTS TO GROUND 


0.37 | 
0.192. | 
0.14 
0.12 
0.11 


5 = 350,000 
аа 109 
158500 
251.6 
8.189 
3.169 


1377000 


Фо Nt 
с» 
-] 
1 
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N 
“з 
t 
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e, be the generator voltage per phase, 

X — capacity reactance of the system, 

r — the resistance between the capacity and the terminal. 
We have then: 


е, 


r+ 5 


current flowing = 


and voltage across the resistance: 


With a generator disconnected from any line, the charging 
current against ground is, of course, very slight, so that x is 
very large. Therefore for modcrate values of r, compared with 
the values of x, we see that changing the resistance does not 
materialy change the denominator, but the voltage e is pro- 
portional to the resistance; thus there is a constant-current 
effect. The more resistance is put in circuit the higher 15 the 
voltage. With infinite resistance the voltage is 


е0 

V3 

Effect of slight leaks in switches, etc. Assume next that the 

terminal of one phase through a slight leak is connected to 

ground; the voltage between the other phases and ground will 
then be almost doubled, being eV 3 

If there are two sets of generators running independently, 
and there is a slight leak from one terminal of one to that of 
the other, and also a slight leak to ground, there will be at times 
3.5 times as great potential to ground as when the neutral is 
grounded. This condition might well occur when synchronizing 
machines or transformers. In circuits of moderate voltage, 
these voltages might not cause undue stresses, but with a по mal 
voltage of 100,000 it 1s quite different. 

But grounding a terminal does not alwavs give the same 
results. A positive '' good " ground does not cause the “statics” 
of an arcing ground. The reason is as follows: no matter how 
or where the circuit 1s made, as long as there is an arc there 
is a circuit. Usually this contains resistance, reactance, and 
capacity. 


= 0.58 е, 
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With a positive ground, the frequency impressed is that of 
the generator, and it would be but a chance if the values of 
capacity and reactance should be such as to cause more than 
slight resonance. With an arcing ground, on the contrary, the 
circuit is disconnected, and can, and will, oscillate at its own 
frequency, which is such as to give resonance, which means 
such as to give the maximum voltage and current. 

To be sure, if, as in our lightning-arrester, the oscillations are 
damped out by a judicious use of resistance, no dangerous volt- 
ages occur; but with accidental slight leaks or grounds, it is 
quite different. The voltages from ground might then be 
almost anything. Some protection is, of course, to limit the 
rise by grounded neutral. 

In an ungrounded system, grave danger exists under almost 
all conditions of disturbed service. For instance, a lightning 
stroke disables some apparatus so that inductance is introduced 
in the accidental ground. Before the accident we had a per- 
fectly balanced system, where the neutral, or ground potential, 
is symmetrical in reference to the line conductois, and governed 
entirely by the ground capacities represented in Fig. 5 as three 
condensers. If now one line is grounded by an impedance, 
the neutral will be displaced along line AB. 

For convenience in demonstrating, we can change the diagram 
to a single-phase system, making due allowance, however, in 
the final conclusions—we will reconstruct the system to another 
shown in Fig. 6. 

Let Y represent the admittance of each condenser, Y, the 
admittance of the impedance connected to ground, which is 
electrostatically the same as connecting impedance between 
the line and the point of neutral potential. 

We have then the joint admittance between C and G = 


Y +Y. therefore the joint impedance The joint ad- 


1 
Ү+Ү, 
mittance between (7 and K is 2 1 , therefore the cou esponding 


impedance is . The total impedance is therefore: 


| 1 + 1 -— 38Y+Y, 
; Ү+Ү, 2Y | 2Y(Y-4 Y) 


n 
The current is therefore, ака и 
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к ..2RY(YtTY) 1]! , ЗҮ+Ү 

| — 3Y4+Y, Y+Y, 2eY — 
к. 2e Y (Y*Y) 1 , e(Y-tY) 
© зүү, 2Y ЗҮ+Ү, 


Y = g— jb, where р is energy component of current; b is. 
wattless component of the current in the condenser. 


Y,- + 
where r is energy component of electromotive force and x is 
wattless component of electromotive force. 

We will assume that there is no leakage in the line, therefore 
g = 0and Y = —jb. 

We will also assume that there is no resistance, but only re- 
actance in the accidental ground of the line. 


Thus r = 0 and Y, = j> 


E ond 
e 
We get then e, = LÍ and e, + 
3b — — —— 3b 
x х 
If x, = condenser reactance, then 
е LI RE and gusti y 
! Зх —-х, AE Uo 


1. Ground made by infinite reactance. (No ground.) 


We have then x = %, e, = 22 and e, = Y 


Therefore in our diagram, the neutral lies at O, and the 
ground is symmetrical in reference to the three lines. 


2. E = b, thus e, = 0, and e, = e. 


In this case the neutral lies midways between the two other 
conductors, and 0.870 from the grounded line. 
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3. For PA З Бе, and e, both become infinite showing that, 


under such condition, the system would be subjected to infinite 
potential. 


| 1. 
b is the susceptance of the condenser, therefore = is the con- 


densance or capacity reactance. We see, therefore, if one line 
is grounded by a reactance of one-third the condenser reactance, 
the system is subjected to infinite stresses, even at normal 
frequency. Energy losses however, limit the value considerably. 

We might, for instance, in such accident have the line con- 
ductors 3 ft. apart and separated by 6 ft. from any wall, and yet 
upon inspection find that each line was connected through flames 
to the wall, but that there was no flame between the conductors. 

Obviously, if the impedance had been grounded through an 
arc, high voltages would have resulted, almost independent of 
the relation between capacity and inductance. The remedy, in 
that case, would have been a grounded neutral. 

Static stresses of generator and transformer windings intro- 
duced by accidental ground. A ground might well cause serious 
breakdowns by the static effect only. Conside1, fo: simplicity’s 
sake, a single-phase system, consisting of a generator, a trans- 
former, and a line. 

There 1s, of course, a certain capacity between primary and 
secondary of the transformer winding. There is also a certain 
capacity between the generator winding and the frame, which is 
the ground. 

With the two lines symmetrical and well insulated, there is 
a balanced capacity against ground, thus the high-potential 
coils of the transformer are at ground potential; consequently, 
the low-potential coils and the armature windings are also at 
ground potential. If now one line becomes grounded, the 
potential of the coil against the ground is obviously one-half 
of the line voltage. Consequently, the low potential winding 
acting as the other plate of the condenser, is also charged to a 
certain potential, the magnitude of which depends upon the 
relative capacity of the generator winding to ground and the 
capacity between the transformer windings. If they are the 
same, then one-half of the line voltage is divided equally between 
the primary and secondary of the transformer and the gen- 
erator winding to ground. If the capacity between trans- 
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former coils is twice that of the generator winding against ground, 
then the generator winding will be subjected to 4 times 4, or 
4 of the line potential. 

We can readily see from this, when a ground occurs, how the 
generator might possibly break down, and how in such cases 
it is important to get at all facts. The remedy is a system with 
grounded neutral. 

How to ground the neutral. Must we ground the neutral per- 
fectly, or can we use resistance or reactance? Without going 
further into the question, it is evident from the preceding in- 
stance that a reactance in the ground connection is not ad- 
visable; there are, indeed, several good reasons, but resistance 
. needs some further discussion. 

In moderate voltage systems, say up to 15,000 or 30,000 volts, 
perhaps even higher, resistance 1s feasible, since under normal 
operation the stresses are those of a grounded system. When, 
however, one line is grounded and the current is limited by this 
resistance, its function as a neutral ceases, and, as far as voltage 
` stresses are concerned, the system might as well not be grounded. 
It saves, however, a shutdown and permits the systems being 
rearranged without interruption of service. For transmissions 
of very high voltage I be'ieve, however, that a good solid ground 
is best, since any considerable rise might strain the insulation 
above its safe limit. 
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DISCUSSION ON "Tug TELEPHONE WIRE PLANT" AT NEW 
YorK, APRIL 26, 1907. 


(Subject to final revision for the Transactions.) 


John J.Carty: From the paper it is evident that the telephone 
wire plant consists cf the conducting wires joining points distant 
from each other, and a large amount of auxiliary apparatus per- 
taining thereto. This distinguishes the telephone wire plant 
from that part of the plant which is composed of switchboards, 
telephones, transmitters, and the various classes of apparatus 
associated therewith. 

The paper does well to call attention to the very great magni- 
tude of the telephone wire plant as compared to the switch- 
board plant. The switchboard apparatus, all being assembled 
at the central office, can readily be viewed as a whole,and presents 
a commanding appearance. Very likely for this reason in the 
usual discussion of switchboards and switchboard apparatus 
those factors have been brought into undue prominence as com- 
pared with those parts of the plant which have been discussed 
to-night. The switchboard has too long held the center of the 
stage, and it is high time that attention has been directed to 
some of the numerous other features, aside from the switchboard, 
which are necessary for a complete telephone system. 

The telephone wire plant of the city of New York and the 
suburban territory tributary to it consists in round numbers 
of one million miles of copper wire. Most of this copper wire 
is enclosed in lead-covered cables. The superficial area of the 
lead pipes covering a particular one of these cables amounts to 
7.6 acres. The superficial area of the lead pipes. covering all 
of the cables in this system of one million miles of wire amoun: s 
to 190 acres. All of this lead pipe is needed to protect from water 
and moisture the delicate paper-covered wires within, as a punc- 
ture in one, of these pipes no larger than a pinhole will admi* 
moisture, which sooner or later causes a fault that produces 
an interruption of the service of one or of all the circuits within 
the cable. All of these 190 acres of lead pipe must therefore 
be maintained free from punctures even as small as that which 
would be produced by a pin, so that in the manufacture and lay- 
ing and maintaining of this part of the telephone wire plant 
very important and serious problems are presented. 

A few words concerning the development of this type of lead- 
covered cable may be of interest as bearing upon the subject under 
discussion. In the first telephone installations the wires, as a rule, 
were overhead and composed of iron, following the standard 
telegraph practice of the time. Soon it became necessary to 
extend telephone wires across rivers, and here for the first time 
telephone cables were used, the gutta percha or rubber-covered 
cables employed by the telegraph companies being imported 
into the telephone service for the purpose. As the number of 
wires increased, rubber-covered wires in cables were used to run 
upon poles and housetops. 
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Some use was also made of overhead cables composed of cotton 
saturated with becswax and protected with rubber tape and 
braid. As might be expected in the light of our present know- 
ledge, these cotton and beeswax cables failed. This failure, 
taken together with the bad experience obtained with рагайїп- 
covered cotton office wires, led to the conclusion that cotton was 
a bad insulator and for some time, where cables were employed, 
rubber was the material used. 

Owing to the high specific inductive capacity of rubber, the 
transmission obtained through rubber cables was extremely 
defective and the cross-talk was almost intolerable. 

Experiments were also made with rubber-covered wires at 
an early date, laid in underground ducts. These wires were un- 
protected by lead pipe, and besides being open to the before-men- 
tioned objections to the use of rubber cable, were especially 
subject to decay in many places underground. 

All of these experiences led to a search for something better 
than rubber. Foremost among those who worked upon this 
problem was Mr. William R. Patterson, whose scientific investi- 
gations and remarkable practical skill brought forth a cable 
consisting of cotton and paraffin, in this respect resem- 
bling very much the cotton and beeswax cable which 
had been the cause of so much disastrous experience. It was 
dificult to convince anyone that cotton and wax could be 
a good insulator, but it was shown that perfectly dry cotton 
was an excellent insulator and that the former failures were 
due to the fact that, owing to its hygroscopic nature, cotton had 
absorbed moisture from the atmosphere and in the process of 
manufacture, and thus had its insulation destroved. It was 
demonstrated that if the cotton core of the cable were throughly 
dried in an oven and then quickly hauled into a lead pipe and 
sealed up at the ends, that insulation as high as one thousand 
megohms or more per mile might be obt ained, andthat this high 
insulation would persist as long as moisture was kept from the 
core. The introduction of such a cable involved an entirely 
new state of the art and required that all those engaged in 
telephone construction should reform their ideas in the light 
of the new knowledge. After much agitation and discussion, 
and after a vigorous campaign of education, the superiority of 
the fibre cable, properly made and installed and maintained, was 
demonstrated. From that time the use of rubber cable began 
to decrease. 

After much experience, it was found that the filling of wax 
might be omitted from the cable and vet the moisture could 
be kept out. "This resulted in dry-core cotton cable, which 
had the advantage of much lower capacity than the filled cable 
and was not so much affected by heat as was the cable contain- 
ing wax. The step from the use of dry cotton to the use of 
paper was a very important one and accomplished much in the 
way of economy. 
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The underground telephone cable of to-day is composed of 
copper wires covered with paper, all enclosed in a hermetically 
sealed lead pipe. This type of cable has persisted so long and 
seems to answer its purpose so well, that telephone engineers 
are fairly well conient with it, and are no longer agitated by 
those serious questions which I have just discussed. 

The tendency in cable construction and in telephone line 
construction generally has been to drive rubber insulation out 
of the field which it formerly dominated. Its useis now restricted 
to distributing wires, inside wiring, and certain special switch- 
board wiring. While the use of this rubber insulation has rela- 
tively decreased in the absolute amounts used, there has been a 
tremendous increase in the mileage employed. So important still 
is the use of this rubber wire that the question of its durability 
and cheapness is one of very great concern, and I am glad to 
see that in the paper just read there are some valuable data 
concerning the durability of rubber wire under certain condi- 
tions. Reliable data on this subject are much needed. 

The open wires used in the first telephone lines were usually 
made of iron, and, as a rule, especially when employed in lines 
of any great length,they gave impaired service. "The reasons 
for this are of course now well understood, but at the time of 
which I speak not much was known concerning the laws of 
transmission, nor of the electrical and magnetic properties of 
iron. There was a long period of groping in the dark. Where 
long-distance wires—at that time forty or fifty miles was long 
distance—were used, imperfect results were obtained, and in 
some cases it seemed that by using larger iron wires matters 
were made worse. During all of this period of fumbling and 
groping, there was one engineer with clear vision who perceived 
that if copper could be obtained with suitable mechanical 
qualities, it would be an excellent material for telephone hnes. 
He directed his attention to this subject and produced hard- 
drawn copper wire in suiable form for telephone lines. I 
refer to Thomas B. Doolittle, who was the first one to use hard- 
drawn copper wire as the material for telephone lines. Hard- 
drawn copper wire was thus used by him at an early date at 
Ansonia, Conn. The results obtained were satisfactory, and, 
after a number of years had elapsed, a practical demonstration 
of the value of hard-drawn copper wire for long-distance lines 
was made by stringing a circuit extending from Boston to New 
York. The success of this circuit, using hard-drawn copper 
wire, demonstrated the feasibility of long-distance telephony. 
Here again the art of stringing wires had to be reformed. Line- 
men, foremen, engineers, and managers had to be taught how 
to handle the new material, the factories had to be instructed 
in its making, and even a new joint had to be perfected. "The 
size of wire to be used had to be determined, and this was found 
out when the New York-Philadelphia long-distance line was 
established, upon which wires of various sizes were strung. 
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Those which were mechanically weak were eliminated and many 
valuable data were obtained. Since those times, hard-drawn 
copper wire has been found to be the only material suitable for 
long-distance lines. Compound wires of various sorts have 
been suggested from time to time, but invariably they have been 
found unsatisfactory for long-distance transmission. What- 
ever use they have musi be for local lines and the precise function 
of this bimetallic wire in such lines is yet to be generally agreed 
upon. 

While much has already been accomplished in the perfection 
of the telephone wire plant, much still remains to be done; 
and to make our record of future achievement as worthy as 
that which has already been accomplished we must constantly 
direct our efforts not only along broad and comprehensive lines, 
but we must also pay strict regard to each and everv one of the 
thousands of small pieces of apparatus, many of which are 
dealt with in the paper, and all of which go to make up the sum 
total of the telephone wire plant. 

Hammond V. Hayes: The methods of telephone glani develop- 
ment which Mr. Grace has described represent those which we 
are now employing and which have been emploved by the Bell 
engineers for a number of years past. Practically every city 
and town in this country has been studied, and all new work is 
carried out on well-considered lines as formulated by develop- 
ment plans of this character. 

The development plan is simply a forecast, what someone, 
I think Mr. Carty, has called a guess based on scientific or 
engineering principles, as to what may be expected for the future 
of the telephone business in each paiticular locality. So diffi- 
cult is this forecast of the future, and so inadequate are any 
rules or formulas, that it has been our custom to employ for 
this work, as far as has been possible, a group of young men 
who have gained special training by the varied experience de- 
rived from the preparation of plans of this character for cities 
and towns scattered throughout the country. We find that in 
many parts of the country the opiimism of local men is such 
as unduly to distort their judgment as to the future size and 
importance of iheir own towns; and, occasionally, although 
rarely, there is such insufficient appreciation of telephone possi- 
bilities that there 1s a tendency to create plans of insufficient 
size. Even engineers that are detailed for this work have 
methods of: es.1mating and checking their work which cannot 
be definitely formulated. In fact, it is their judgment based 
on wide experience which prevails. I have no doubt that in 
very many cases as good or better estimates for the future can 
be made by men of good judgment and good sense without 
resorting wittingly to the elaborate method such as we describe; 
I say this but to emphasize the fact that in this as in every 
other engineering problem it is good judgment based on ample 
and proper premises which 1s of importance, 


1907] DISCUSSION AT NEW YORK 1429 . 


4 


Mr. Grace has talked and spoken of an ''all-cable" plant. 
I want to emphasize that the all-cable plant as described refers 
simply to the distribution of lines within a city. АП the plan- 
ning done in every city and town in the country is to arrange 
the plant so that the distribution of the wirestothe sub-stations 
may be satisfactory and that it may be possible that each sub- 
‘station in each town will be capable of talking with every other 
sub-station in other towns. This placing of lines in cables 
cannot be applied to the wires used for long-distance circuits 
io any great extent, for the reasons that the cables tend to cut 
down the efficiency of service; what must be done is to keep 
the wire plant of the system not only the best possible for main- 
tenance reasons, but to arrange it so that it is capable of render- 
ing possible communication over the widest possible range of 
territory. | 

I am much interested in some of the mechanical features 
of the plans that Mr. Grace has shown us, and I hope that I 
may take the liberty of speaking of the cable-box. Mr. Grace 
has,with great modesiy said but little about it. This box is 
his own work; he designed it and perfected it, and I hope that 
t wil be used very generally in the future throughout the 
United States. 

I would like to say one word more about the question of steel 
and copper wire, following substantially the same thought that 
was in Mr. Carty's mind. Wire of ihis character was used some 
vears ago in this country and has been on the market in Europe 
for many years. Iam very glad indeed that the experiments 
wi.h this wire are being carried out by Mr. Grace. I hope that 
he will continue the experiments, and will tell us at some later 
time what his success is and if such a wire offers an additional 
means of line distribuiion. I feel, however, that the wire plant is 
so important a feature of the telephone system that it would be 
well to go slowly and consider a material of this character as an 
experiment until such time as it has been more thoroughly tried 
out. 

G. M. Yorke: The svstem described by Mr. Grace contains 
a minimum amount of open wire. As Mr. Hayes has said, 
this system is mainly used for connecting the subscribers’ 
stations with the nearest central office. This portion of the 
plant has to be made compact and sightly. But a large per- 
centage of its use 15 merely for communications bet ween stations 
only a very few miles apart. Now, when we consider that 
other very important portion of the telephone plant, used for 
connecting central offices together many miles apart, hundreds 
of miles apart, we see that such an extensive use of cable is 
quite impossible. The reason for this is that cable circuits 
have always been very inemcient in transmitting speech. This 
inemciencv still exists in spite of the improvements in cable 
manufacture that have been touched upon and also in spite of 
other general improvements in the art. As an example of the 
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inefficiency of cable circuits, take the type of circuit used for 
the longest distances in this country. These circuits are about 
fifty times as emicient as the form of cable circuit described by 
Mr. Grace, and used so largely for subscribers’ lines. In other 
words, one of the regular lines from New York to Chicago talks 
as well in volume and in quality as a cable circuit only twenty 
miles long of the sort described by Mr. Grace. A further point 
is that if we connect only ten miles of such cable to this long 
open wire circuit, it is necessary, in order to keep the trans- 
mission eniciency at the same point of loudness and quality, 
practically to double the weight of copper in the long line circuit. 
Of course this is an extreme illustration. In view of this relative 
ineniciency of cable circuits, we are not going to speak right away 
of an all-cable long-distance plant. It is necessary to bring the 
open wires as near to the center of the terminal cities as is 
practicable and to keep all cable out of intermediate cities if 
we can. This becomes more and more necessary in view of the 
increasing amount of cable that it is necessary to use in sub- 
scribers’ lines. I simply want to point out that the open wire 
is not to be abandoned just because it is unsightly. We are 
going to keep it if we are going to keep long-distance telephone 
service. 

F. L. Gilman: As has been said several times, a material 
advance has been made in the art of cable manufacture, and the 
present paper-insulated cable has been used in its present form 
for a good while with satisfaction. Опе great effort in recent 
years has been in the direction of getting more wires into a given 
amount of space without increasing too much those electrical 
characteristics of the cable which are harmful to transmission, 
and without using sizes of wire that cannot be handled easily. 

Mr. Grace has spoken of the braided rubber-covered wire used 
between the cable terminals and the subscribers’ stations. Per- 
haps if I outline.briefly the conditions which obtain, the problem 
of this rubber-covered wire will be realized more clearly. In 
telephone lines there is constantly a difference of potential 
existing between the two sides of the line and between one 
side of the line and ground; and throughout its entire length, 
in the kind of distribution of which Mr. Grace has been speaking, 
the line is composed of twisted wire. This is true of the rubber- 
covered wire as well as of the rest of line. The two wires are 
twisted together to keep outside disturbances from affecting 
the telephone transmission. Furthermore, the resistance of 
the part of the circuit including the rubber-covered wire has 
certain limitations. Then again, as can be seen from the 
pictures, this part of the plant runs any where and everywhere; 
it is on walls and fences; it is generally outdoors where it is ex- - 
posed to sleet and rain; in the summer-time it is subjected to 
excessive heat, and in the winter-time to extreme cold. In 
other words, this wire is everywhere in the system and in nearly 
every telephone line in the large cities. 
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Now, if .the wire is not in first class condition and has not 
first-class insulation there are a number of different troubles 
that exist. In the first place, there is a waste of current and 
the possibility of electrolysis. Then there is sensitive apparatus 
in the central отсе which will be affected. More important than 
these is the transmission which 15 also in jeopardy. If there 
is a leak on one wire of the pair, the line will be noisy; or if there 
is a leak between the two wires of a pair, reduced transmission 
wil result because of the short-circuit. Another reason for | 
first-class insulation is the fact that this braided rubber-covered 
wire is fairly expensive to start with, and the running of it is 
also expensive, so the life has to be long in order to make such 
construction economical. Furthermore, because of the moving 
of subscribers, this wire may have to stand taking down and 
putting up again. 

What I want to bring out clearly is the fact that it 1s 
requisite that the wire used for this purpose shall be of first-class 
quality and maintain its insulation. Of course we are more 
or less familiar with braided rubber-covered wire, but perhaps 
we have not all realized just what the vital point is. The rubber 
compound itself will not last unless it is properly protected. 
The usual method of protecting the braid is a cotton braid, 
but that will not stand the heat and rain of summer unless it 
is properly protected, so the whole gist of the matter is the 
protection of the braid—some protection that will not run oft 
in summer and will not crack in winter. 

Kempster B. Miller: I wish that the Institute might have more 
telephone papers of this kind, wherein plants in different parts of 
the country are described not only in general terms but with a 
considerable amount of detail. Such description of practices in 
different parts of the country, and a frank discussion of them, 
are just as necessary and desirable in telephony as in any of 
the other arts, and I think perhaps more necessary, because 
thev have been less common. 

It is often interesting to watch the tendency of growth in the 
development of any art. From what has been said to-night, 
it is evident that there is a tendency to decrease gradually 
the use of bare wire in local telephone plants—I am speaking 
of the local plant as distinguished from the long-distance plant. 
There are some who contend that there should be absolutely 
no bare wire in a local telephone plant, and several plants of 
considerable magnitude have been constructed in which I under- 
stand there 15 not a foot of bare wire. The practice that Mr. 
Grace has outlined stops just short of this extreme, and it 
seems to me that it stops in just the right place. To say that 
there shall be absolutely no bare wire in the plant, simply for 
the purpose of being able to boast that there is none, isin the 
nature of nding a hobby rather than of good engineering. 

Another tendency that has been brought out, not only bv 
Mr. Grace but by Mr. Carty and others, is the diminishing use of 
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rubber-insulated wire in telephone plants. Not long ago 
we did put a little rubber wire into almost every cable; that is, 
at the outer end of the cables. The practice that Mr. Grace 
describes does away with this in a large measure, certainly on 
all the small cables. He terminates the paper cable directly 
in a terminal sealed with an insulating compound so that there 
is no rubber-covered wire in that part of the plant. This means 
that the only rubber-covered wire is in the drop wires and 
in the house wires. 

Perhaps after hearing of the beauties of the paper cable as 
outlined bv Mr. Carty, people in other arts than telephony may 
be so impressed that they will adopt paper cable where it may 
be dangerous to do so. The paper cable is used in telephony 
because there is no other form of cable that we know of to 
take its place. Whatever may be said of paper cable, it 
is subject to one very serious drawback—any slight puncture 
of the sheath is liable to put all the wires out of business. While 
such troubles as these are readily repaired, yet they are very 
apt to occur. In other systems of communication where the 
high frequencies of telephony are not employed, it is feasible to 
use rubber or gutta percha insulated wires, and their reliability 
is infinitely greater than that of paper-covered wire. For this 
reason where the cable is dimcult of access, as in submarine 
work, or where reliability 1s of paramount importance, as in the 
fire-alarm telegraph, the paper cable has little place. 
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THE GROUNDED NEUTRAL, WITH AND WITHOUT 
SERIES RESISTANCE, IN HIGH-TENSION SYSTEMS 


BY PAUL M. LINCOLN 


The object of this paper is to raise for discussion the question 
of grounding the neutral, a question that continually confronts 
the engineer operating an alternating-current generating, trans- 
mitting, or distributing system. The writer wishes to consider 
this question from the viewpoint of the operating engineer, since 
it is naturally he who is most interested. 

The questions that would arise in the mind of the operating 
engineer would probably be these: 

1. Why should the neutral be grounded? What advantage 
would be gained, if any? and what disadvantages would be en- 
countered? 

2. If a ground is used, shall it be at one point of the system, ` 
or several? 

3. Shall a resistance be used between the neutral and the 
ground? and if grounded at several points, shall a resistance be 
used in each place? 

4. If a resistance is used, how much? and what shall be its 
current-carrying capacity? 

5. What character of resistance is best? 

Let us begin at the beginning of this list of questions and 
itemize, so far as possible, the advantages and disadvantages 
of a grounded neutral. The first part of this discussion will 
deal with the general question of ground versus no ground. 
Later in this discussion the modifications introduced into this 
general question by use of resistances, multiple grounds, etc., 
will be briefly treated. 

1433 
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Advantages. a. Electromotive force between conductor and 
ground remains fixed and constant. 

b. Prevents abnormal static induction on neighboring circuits. 

c. Provides opportunity for using the ground as a working 
conductor. 

d. Makes possible the detection (and immediate removal if 
desired) of any grounded portion of the system. 

e. Insures equality in the condenser current drawn from each 
phase. i 

Disadvantages. f. One ground disables a part or the whole 
of the system. 

g. A proper ground is difficult to obtain. 

Discussing more in detail these points of advantage and dis- 
advantage, we find: 

Advantages. a. In practically every transmission system the 
greatest danger of breakdown of insulation exists between line 
and ground, rather than between lines; it is therefore highly 
important that the voltage from line to ground be permitted 
to assume no abnormal or excessive value. The higher the 
line voltage the greater becomes the importance of this point, 
since the factor of safety of insulation naturally decreases with 
increasing line voltage. With the neutral fixed at ground 
potential, it is impossible to obtain, between any conductor and 
the ground, more than a certain definite proportion of the 
maximum line voltage. In a three-phase system—including 
as it does practically all transmitting and distributing systems— 
the voltage between the neutral and ground is about 5864 of that 
between conductors. If, therefore, the neutral be connected 
permanently and solidly to ground, the maximum potential 
that can develop between the line and ground is about 586, 
of the voltage between the conductors. With ап ungrounded 
system a ground on one conductor will cause full line potential 
to develop between the two remaining conductors and ground. 

On further analysis it is doubtful if all the advantage ap- 
parent at first sight is really obtained, for it can safely be 
asserted that in the large majority of cases it is not the action 
of the steady line voltage that causes breakdowns in the insula- 
tion of transmitting or distributing systems; the voltage 
strain necessary to cause breaks in insulation is usually very 
much higher than the normal voltage applied, even in the case 
where a system is operating with one conductor grounded. The 
condition giving rise to trouble is to have superimposed upon 
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the normal line voltage a so-called '' surge " of such value that 
when added to the normal strain, their resultant causes suffi- 
cient strain on the insulation to break it down. Lightning 
is the usual cause of surges, although they may be caused 
by many other things; for instance, by switching, or a partial 
ground, or a broken conductor, or a heavy short-circuit. Insu- 
lation being once broken down, the normal voltage is usually 
sufficient to maintain an abnormal flow of current through the 
break. With the neutral grounded, a momentary break in 
insulation at one point on one conductor gives rise to oppor- 
tunity for a destructive arc at that point. With the neutral 
ungrounded, before a destructive arc can take place there must 
be simultaneous breaks on the insulation of two separate con- 
ductors. The use of a resistance between the ground and 
neutral modifies these conditions, as will be discussed in a later 
paragraph. 

A very material advantage incident to this fixing definitely 
the maximum potential of conductors above ground is that it 
allows a much closer adjustment of lightning-arresters than 
would otherwise obtain; that is, the arresters can be ad- 
justed so that a comparatively small rise above normal poten- 
tial to ground will discharge across them. In an ungrounded 
transmission system it is not safe to adjust for a discharge poten- 
tial materially less than line voltage; otherwise in the event of 
one conductor becoming grounded, the constant discharge which 
necessarily occurs over the lightning-arresters between the two 
good conductors and ground will destroy the arresters within 
a short time. | 

b. An advantage incident to keeping the neutral of a trans- 
mission system at ground potential is to prevent abnormally 
large static induction by a transmission line on neighboring 
circuits. Those who have endeavored to operate a telephone 
line in proximity to a transmission line will realize the im- 
portance of this point. It is evident, without further ex- 
planation, that so long as the neutral of a transmission line is 
at ground potential its static influence on neighboring circuits 
is practically negligible. If, however, one of the conductors 
of the line is grounded, the static induction of the remaining 
two is usually sufficient to prevent the satisfactory use of 
telephone circuits strung on the same right-of-way. Grounding 
the neutral will prevent such a condition. 

As to electromagnetic induction, it is evident that the grounded 
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neutral can have no influence unless the ground is carrying 
current. In that event, electromagnetic induction on neigh- 
boring circuits is increased. This increase is due to the fact that 
the return circuit through the ground, instead of being in close 
proximity to the outgoing circuits, thereby neutralizing most of 
its action, is at a comparatively great distance, making the 
inducing loop of large area and comparatively great power. 

c. In a three-phase transmission system with the neutral 
grounded both at the generating station and a sub-station, it 
is perfectly possible to continue the transmission of power with 
one of the conductors out of commission. Іп this case, if the 
phases remain balanced, the ground will carry a current 1.73 
times that in each of the two remaining conductors. Further- 
more, it is perfectly possible to continue to transmit single-phase 
power with only one of the three conductors remaining. [n 
fact some transmission plants make a practice of running but 
a single wire to some customers using single-phase current, and 
but two of their three conductors to other of their customers 
using polyphase currents, relying in each case on the ground 
to act as a return conductor for the normal operating current. 
Still other plants make use of the ground as a working conductor 
only in emergency. 

It must be counted as a distinct advantage in favor of the 
svstem with a grounded neutral that it makes available at any 
time the use of the ground as a working conductor. This does 
not mean that the ungrounded system cannot make the ground 
available, but in the latter case special switching arrangements 
must be provided, while in the former its action as a working 
conductor is practically automatic. 

The practicability of using the ground as a working conductor 
is also dependent upon the ground resistance. This is an ele- 
ment that varies largely with geological formations, soil, season, 
moisture, parallel return circuits, and construction of ground- 
plate; it 1s therefore difficult to make апу general statement 
covering this matter. However, there seems to have been no 
difficulty in using the ground asa conductor for moderate amounts 
of power at pressures of 20,000 volts and above. 

d and f. With a grounded neutral, a ground on any conductor 
will cause a short-circuit... This fact may be regarded as ап 
advantage or a. disadvantage, depending upon circumstances, 
and also upon the point of view of the operator. If it is possible 
by use of the grounded neutral automatically to cut out the 
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damaged conductor, and continue service to the affected part 
of the system over other lines, the grounded neutral may 
undoubtedly be regarded as an advantage. If, however, 
the grounding of the neutral means an interruption of service 
which could be avoided with an ungrounded neutral, the ground- 
ing may be justly regarded as a disadvantage. Protection of 
service is of great importance to the operator, and he 15 willing 
to run very considerable risks in order to give continuous 
service. "That certain portions of his system are temporarily 
overloaded, or that part of his line conductors are temporarily 
undergoing an abnormal insulation strain to ground, is of no 
particular moment, so long as service is being rendered and 
the abnormal condition does not give rise to further trouble. 
When considering questions of protection of service, the use of 
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resistance in the ground connection is at once involved; the 
discussion of this phase will be treated in subsequent paragraphs. 
e. All alternating-current transmission lines take from the 
generators a condenser current whose volume depends upon 
the size, length, and disposition of the transmitting conductors 
and upon the voltage and frequency supplied to them. These 
currents may be considered as flowing over two paths, as follows: 
I. Through the condensers formed by the conductors as 
opposite plates, as c in Fig. 1, and 
II. Through the condensers formed by considering the con- 
ductors as one plate and the ground as the other, asat c’, Fig. 1. 
The currents flowing through capacity c are evidently inde- 
pendent of any grounded neutral conditions. Those flowing 
through capacities c’, however, depend entirely upon the po- 
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tential of the neutral with respect to ground. With the neutral 
at ground potential, the condenser currents through c' are 
taken equally from each of the three conductors. Assuming 
an extreme case—-one of the three conductors grounded—all 
the currents through с’ are taken from two of the conductors, 
and further, the total kilovolt-amperes represented by these 
currents is double what it would be with the neutral at ground 
potential. A moment's investigation will show this latter point. 
With the grounded neutral the total kilovolt-amperes, taken 
through capacities с’, may be assumed as proportional to 3 с’ E,?, 
where / is the potential between any conductor and the neutral. 
Grounding one conductor has the effect of short circuiting one 
of these condensers and throwing a potential of E= 4/3 E, 
upontheothertwo. Inthe latter case the total kilovolt-amperes 
taken by condensers с’ is 2c' E? = 6c' EF. 

When the charging current 1s large compared with the gen- 
erator capacity, it is probable that such an increase in its volume, 
as well as taking it largely from two of the three conductors, 
would cause a serious unbalance in voltage between phases. 
This seems to be a good, though not controlling, reason for main- 
taining the neutral at ground potential. 

g. A satisfactory ground is very difficult to obtain. The 
antiquated idea that the ground is of zero resistance, because 
it is of practically infinite cross-section, has long since been 
recognized as an error. In case of grounding to a buried plate, 
most of the resistance of the ground occurs in the immediate 
neighborhood of the ground-plate, and the ground resistance 
depends upon the character and condition of the soil in the 
immediate neighborhood. This is to be expected on account 
of the fact that it is only in the immediate neighborhood of the 
ground-plate that the cross-section of the ground, considered 
as a conductor, is sufficiently restricted to give rise to any ap- 
preciable resistance. The conditions other than the character 
of the soil that make for a low-resistance ground are moisture 
and the exposure of a large surface of ground-plate: the larger 
the exposed surface the lower the resistance. It is this reason 
that makes water-supply systems good grounds. 

Even where gbod engineering practice dictates a resistance 
in the neutral, the unavoidable resistance in the ground con- 
nection is not so valuable as it might be, because of its extreme 
variability. The difference of the seasons, as well as the drying- 
out action of any ground current that may flow, will cause large 
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variations in ground resistance. However, on high-potential 
systems the presence of even the maximum amount of resist- 
ance that is contingent upon good construction is rarely sui- 
cient to cause trouble. 


MODIFICATIONS Due TO Use or RESISTANCE AND MULTIPLE 
| GROUNDS. 


If an operating engineer has come to the conclusion that his 
neutral should be grounded, the next question is, naturallv, 
that concerning the number of places to ground—whether it 
shall be at his power plant or plants only, or at other points 
where neutrals can be obtained. The answer to this question 
usually depends upon the object sought in grounding. If it is 
the use of the ground as a working conductor, there must natu- 
rally be grounds both at the generating and receiving points. 
On the other hand, if the object is to prevent an abnormal 
voltage rise on any conductor, due to the grounding of another, 
then the grounding of the neutral at one point is sufficient 
and in most cases preferable. 

In some methods of connection the problem is still further 
complicated by the entire absence of an available neutral. In 
any three-phase system a delta connection of transformer or 
generator windings gives no opportunity of obtaining a neutral. 
A delta connection requires the use of a separate autotransformer 
connected across proper points of the delta, from the winding 
of which a tap may be brought out for the neutral connection. 
A three-phase star-connected generating system has of course 
the neutral at the star connection. If, however, a bank of 
transformers has both the primary and secondary connected 
in star, the star connection 1s not necessarily at the neutral point. 
In this case the neutral is practically free to move around any- 
where within the three-phase triangle; in case of a dead short- 
circuit on any transformer, the voltage on that particular one 
disappears and the two remaining transformers assume the 
whole potential of the line, being then virtually connected in V. 
If, therefore, the star connection of a star-to-star group of 
transformers be connected to ground, it does not follow that 
the neutral is grounded; if one side is connected in delta and the 
other in star, then the star connection can be treated as a fixed 
point at the center of the three-phase triangle. In a star-to-star 
group proper conditions can be assured only by connecting the 
star point on either side to a fixed neutral— such for instance 
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as the connection of the star of the transformers to the star 
point of the generating system. The star point of the generating 
system being fixed at neutral, this also fixes the transformers. 

The question as to how many points of a system shall be 
grounded is naturally influenced by the above considerations. 
The final answer, however, must be dictated by considerations 
which depend upon the reason leading to making any ground 
connection. 

Probably the most important question in connection with 
this whole matter of grounding the neutral is that as to the 
use of resistance between the neutral and ground and the amount 
of resistance that is best. In considering this question the fol- 
lowing analysis is pertinent. In any polyphase system, so long 
as each conductor has the same capacity and ground, the same 
insulation from ground, and a balanced load, the neutral will 
remain at ground potential, whether it is connected to ground 
or not. In other words, so long as conditions on the trans- 
mitting or distributing system remain normal there is no occa- 
sion for grounding the neutral, as nothing will be accomplished 
thereby. The object sought in grounding the neutral is to take 
care, not of normal conditions, but abnormal ones. It is the 
first thought of the operating engineer to maintain his service, 
and he therefore installs automatic circuit-breakers and other 
devices to protect his system in case of an abnormal condition 
arising. The abnormal conditions that may arise are: 1, short- 
circuits; 2, open circuits, and 3, grounds. 

1. Short-circuits. By short-circuits is meant accidental con- 
nection in any manner between conductors of opposite polarity. 
It is evident that under this condition the behavior of automatic 
devices is in no way influenced by grounding the neutral, so 
that the consideration of this contingency is not pertinent to this 
paper. 

2. Open circuits. In a three-phase line, with the neutral 
grounded at both generating and receiving stations, the ground 
will, under normal conditions, carry no current, even though the 
ground be of zero resistance. If, however, one of the con- 
ductors should break, the ground immediately begins to carry 
current. If induction or synchronous motors are being used at 
the receiving end, the hree-phase relation will be approximately 
maintained, the degree of approximation depending upon the 
ground resistance and upon the relative motor load to non-motor 
load. If the neutral is grounded at one point only, an open 
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circuit in one conductor will have an effect no different from 
that which would take place if the neutral were not grounded, 
except that the distribution of charging current between con- 
ductors will be somewhat disturbed and more or less of this 
current would pass through the ground connection. 

3. Grounds. A ground is the most frequent abnormal con- 
dition that is encountered, and also is the one most affected by 
grounding the neutral. With the neutral connected direct to 
ground, another ground on any conductor means a short-circuit ; 
the action of automatic circuit-breakers will then take place 
accordingly. The amount of current that wiil flow through 
such a short-circuit can be limited by inserting resistance, and 
practically the only object of resistance is to cause such a lim- 
itation of current. 

The flow of excessive currents, such as would take place 
were there no resistance, is detrimental for several reasons. 
It throws an unnecessarily great strain upon the circuit-breakers 
which are called upon to interrupt the current. The large 
current flow which takes place may cause a phase distortion and 
drop of voltage which may,in turn, be sufficient to cause syn- 
chronous apparatus on the line to drop out of step. Almost 
invariably an arc takes place at the point of grounding of con- 
ductors, and an excessive current will cause excessive destruction 
at this point. A dead short-circuit on any system causes a 
heavy shock due to the tremendous currents, and a consequent 
tendency to distort the windings of any synchronous apparatus 
connected to the system. 

All of these objections can be overcome to a greater or less 
degree by resistance in the neutral. Increased neutral resistance, 
however, while it limits the current flow through a grounded 
conductor and overcomes the above objections, can do so only 
by allowing an increase in the potential of the two good con- 
ductors above ground while the current flows. If the object in 
grounding is to prevent such an abnormal rise, the inserting 
of resistance tends to defeat that purpose. The choice of the 
proper resistance becomes a question of compromise between 
the disadvantages of going to either extreme. There seem to 
be good reasons for adopting a ground resistance which will lie 
between the following limits: оп the one hand, large enough 
to prevent a severe shock to the system; or the voltage on the 
affected phase dropping to a point where the svnchronous ap- 
paratus will drop out of step. This consideration. will dictate 
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a resistance that will not allow more than, say, three times full- 
load current at the most to flow through the armatures of the 
generators supplying the circuits. Оп the other hand, the re- 
sistance must be small enough to permit sufficient current to 
flow to trip the heaviest circuit-breaker on the system. 

In all alternating-current circuits there is present a condition 
equivalent to a neutral grounded through a certain amount of re- 
sistance, in that static capacity exists between any conductor 
and ground. The longer the line and the higher the voltage 
and frequency, the lower the resistance in the equivalent circuit 
having a resistance in grounding connection. The effect of a 
grounded neutral, either with or without resistance, is, in case 
a conductor becomes grounded, to pass a current of greater 
or less volume through the affected conductor and into the 
ground. The effect of the static capacity of conductors to 
ground is exactly the same, the difference being that no cur- 
rent passes into the ground at the generating station, and that 
the phase relation of the current through the capacity to the 
electromotive force producing it are not the same in both 
cases. The static capacity of an overhead conductor to ground is, 
with ordinary line construction, from 30 to 50 per cent., greater 
than that between conductors. Assuming a fault that makes 
the affected conductor of the same potential as the ground, the 
affected conductor will take roughly 50 percentage more charging 
current than the unaffected ones. It may be noted also that 
the total kilovolt-amperes of charging current in all conductors 
will be increased about 33 per cent. Where the normal charging 
current amounts to a considerable percentage of the total 
generating capacity, as it will in long, high-voltage, high-fre- 
quency lines, it will be seen that the condenser effect has the 
same action as а moderately-low ground resistance. 

If a ground resistance be used, the question of 115 current- 
carrying capacity is an important one. Since current is drawn 
through the ground resistance only during emergencies, its ca- 
pacity should be chosen to meet the maximum that any emer- 
gency can throw upon it. Usually the time dunng which cur- 
rent will flow is limited to the time required to trip a circuit- 
breaker, probably not more than a few seconds at most. The 
quantity of current that will flow as a maximum is also fixed as 
that which is required to trip out the heaviest set circuit-breaker. 
The question of current carrying capacity is therefore one which 
depends upon the character and setting of the safety devices 
used, 
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As to the character of resistance, permanency is the most 
essential. Considerable latitude is allowable in the amount of 
resistance, but that latitude does allow variations of many 
hundred per cent., such às past experience has shown is apt to 
take place with graphite mixtures of similar structures. A me- 
tallic resistance is satisfactory but has the objection of being ex- 
pensive and bulky when the voltages involved are high. This 
problem has not yet been satisfactorily solved, but it scems 
probable that where high resistances are demanded—200 ohms 
or more—some form of non-metallic resistance will be found of 
sulficiently permanent character to be satisfactory. 

In the preceding matter the writer has endeavored to present 
some of the considerations to be taken into account when this 
question of grounding the neutral arises. There areso many vari- 
ables connected with this matter that it 1s impossible to draw 
any conclusion that will be general in its nature. The proper 
action to be taken depends upon the specific conditions surround- 
ing each individual case. 
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EXPERIENCE WITH A GROUNDED NEUTRAL ON THE 
HIGH-TENSION SYSTEM OF THE INTERBOROUGH 
RAPID TRANSIT COMPANY 


BY GEORGE I. RHODES 


The chief circumstance which led to the grounding of the 
neutral of the Interborough Rapid Transit Company’s high- 
tension system was the serious nature of cable burn-outs. As 
a rule the detectors gave indication of a ground on one leg 
of the system from five to thirty minutes before the circuit- 
breaker opened, but on account of the large number of feeders 
connected it was practically impossible to isolate the damaged 
feeder before the short-circuit occurred. In a total of twelve 
Operating burn-outs, the grounded cable was located butt wice 
in time to prevent trouble. 

During the period between the first grounding of the cable 
and the final short-circuit, the system was operating under ab- 
normal potential conditions, the two ungrounded phases oper- 
ating at full delta potential of 11,000 volts above the ground. 
Undoubtedly the potential between phases was raised to a cer- 
tain extent by the increased charging current due to unbalanced 
potential conditions. The presence of abnormal potentials dur- 
ing this period of ground was evidenced by static discharges in 
the power and sub-stations that could hardly be accounted for 
by the operation of two legs at 11,000 volts above the ground 
potential. 

The charging current which flowed to ground through the 
fault before the short-circuit between phases was large enough 
seriously to injure the insulation of all three conductors, so 
that when the burn-out occurred it was so severe that the 
oil-switches usually opened with considerable violence. Surges 
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were started which at times caused other burn-outs to follow, 
in one instance causing a very disastrous shutdown.* The 
cable itself was alwavs considerably burned, all threc legs being 
grounded and usually burned off. At times the conductors 
were blown apart several inches. With the faults in this con- 
dition, it was quite impossible to locate them by the bridge 
method, and it was necessary to open a great many manholes 
before locating the trouble. 

In view of the fact that one phase of a cable almost invan- 
ably grounded some time before short circuiting, it was decided 
to ground the neutral through a resistance of proper magni- 
tude to allow sufficient current to flow to remove the grounded 
feeder without affecting the svstem in any other way. It is 
obvious that with only two feeders to a sub-station, a ground 
on one of them will open the circuit-breakers of both, and that 
the certainty of continuous operation of the sub-station increases 
with the number of feeders. 

The scheme of grounding the neutral as originally proposed 
was as follows: the neutral point of each generator was con- 
nected to a common or neutral bus-bar through a disconnecting 
switch and a current transformer. The transformer operated 
a relay on the main switch of the generator. The neutral bus- 
bar was grounded through a resistance of about six ohms in 
each power station, making about three ohms' resistance be- 
tween the neutral and ground of the combined system. [п case 
of a ground, the maximum possible current was 1000 amperes 
per rheostat, all of which was generated bv the grounded gen- 
erator. The relays on the feeder-switches were set to operate 
instantaneously at 300 amperes, and the generator relavs at 
about 900 amperes after five seconds. Under these conditions 
it was to be expected that a ground on a cable would instantly 
remove it from service before any other disturbance could result. 

The neutral rheostats were of the iron grid type having a re- 
sistance of about six ohms and a reactance at 25 cycles of about 
0.3 ohms. They were made up in sixteen series sections, each 
insulated from the others and from the ground by porcelain 
insulators. Each section was made up of six series groups of 
cast-iron grids connected two parallel and twelve series per 
group. Each grid was made up of ten bars 0.25 in. bv 0.75 in. 

*See paper on " High Power Surges in Electric Distribution Systems 
of Great Magnitude,” by C. P. Steinmetz, Transactions А. I. E. E., 1905, 
also discussion on same.- 
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by 6 in., and two bars 0.25 in. by 0.75 in. by 4in. A number 
of extra grids were used to adjust the resistance to the required 
value. The rheostat will carry 1000 amperes for two minutes, 
a capacity far in excess of anything that would be required 
in service. 

With the scheme as above outlined, very serious trouble was 
encountered from the triple-frequency cross-currents in the 
neutral connections. These neutral currents fluctuated very 
rapidly from nothing to one-half full-load current per generator. 
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Upon synchronizing there was a very large rush of current in 
the neutral, so large in fact that with four generators running 
it was very difficult to synchronize a fifth with its neutral 
grounded.* These cross-currents had such serious effects on the 
operation of the system that the scheme of grounding the neutral 
was delayed for a time to allow making some experiments. 

Ап oscillographic study of the neutral currents was made 

* “Experience with a Grounded Neutral on a High Tension Plant,” 
C. W. Ricker, Electric Journal, September, 1906. 
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and has been described fully.* The records proved without a 
doubt that the currents were caused by irregularities in the 
angular velocity of the prime movers and unequal excitations of 
the generators. It was found that the insertion of resistance in 
the neutral connections of the generators would reduce the cur- 
rents to a safe value. This, however, was undesirable on ac- 
count of the variable resistance in the ground circuit, depend- 
ing on the number of generators in operation. Furthermore, 
resistances of sufficient magnitude and capacity would have 
occupied too much space to be used in these power stations. 
It was finally decided that full protection could be obtained 
by connecting but one line generator at a time to the neutral 
bus-bar in each power station. "The transformers in the neutral 
connections were also disconnected from the relays on the main 
generator switch. Even with but one generator grounded in 
each power station, the interchange of current through the 
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neutral rheostats, and the tie-line between the stations, is at 
times large enough to make it undesirable to open the neutral 
disconnecting-switch of a live generator. 

The Interborough Rapid Transit Company's system was 
operated for about three and one-half years without a grounded 
neutral, in which time about 160 miles of cable was operated 
for three years and 340 miles for one-half year. Since ground- 
ing the neutral, the system has been in operation for two years 
with about 340 miles of cable. 

Previously to grounding the neutral, there were twelve dis- 
tinct operating burn-outs, and since then there have been six- 
teen. It appears from this fact, that grounding the neutral 
has had no material effect on the number of burn-outs. This 
is as Was expected. 


* ' Neutral Currents of a Three-Phase Grounded System," Electric 
Journal, July, 1907. | 
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Of the twelve burn-outs occurring previously to the grounding 
of the system, four shut down the power station; one other shut 
down two sub-stations; and four more shut down one sub- 
station. Of the other three which did not shut down the sub- 
station, two were isolated in time to prevent a short-circuit. 
In all of these cases, there were five or six cables to a sub- 
station. During most this period only the Seventy-fourth 
Street power station was in operation, so that there were no 
tie-line troubles. 

Of the sixteen burn-outs that have occurred since grounding 
the neutral, not one has caused a shutdown of either power 
station; eight have shut down the sub-station fed by the cable, 
two have caused one other feeder to open, and six have caused 
no disturbance other than the opening of the switches of the 
feeder in trouble. In three of the cases in which the sub-station 
was shut down, the tie-line between the power stations opened, 
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but without disturbing the operation of either. Of the eight 
burn-outs which shut down the sub-station, three were stations 
having three feeders each, one having four feeders, two having 
five feeders, and two having six feeders. Of the other eight 
burn-outs which did not shut down the sub-station, two were 
sub-stations having three feeders each, two having four feeders, 
two having five feeders, one having six feeders, and one having 
seven feeders. 

Previously to the grounding of the neutral, the switches 
operated with explosive violence on the short circuiting of a cable, 
at times throwing oil and burning the contacts. Under present 
operating conditions, however, the switches always open very 
quietly, so quietly in most cases that it was necessary to install 
a tell-tale to indicate when there had been abnormal current 
through the neutral rheostats. 

Before grounding the system, in all burn-outs the cable was 
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sv badly injured that it was impossible to make any bridge test, 
and it was necessary to open a great many manholes before 
locating the trouble. Of the sixteen burn-outs that have oc- 
curred since the grounding of the neutral, fourteen of them were 
in such condition that the fault could be easily located by the 
Murray loop method. In most of these cases but one leg was 
grounded. In the two cases where all three legs were grounded, 
making the bridge test impossible, the burn-out was the 
result of very severe mechanical injury. Locations of the 
fault are always made to within a duct length, even on the 
longest cables of more than 45,000 ft. The saving in time 
effected by this accurate predetermination of the trouble by 
the bridge method is an important factor in the time necessary 
to restore a sub-station to normal conditions of operation. 

It is probable that something would be gained by increasing 
the resistance between the neutral and ground. When the 
scheme was first contemplated, it was planned to ground the 
neutral through six ohms, there being at that time but one power 
station. Now with two stations in parallel the effective ground- 
ing is through but three ohms, making the possible ground cur- 
rent twice that originally planned for. There 1s no doubt but 
that with the resistance as first decided upon there would have 
been fewer sub-station shutdowns. 

From-the above data, it is scen that grounding the neutral 
of this system through a series resistance has been quite suc- 
cessful. It has greatly reduced the disturbance from cable 
burn-outs and the time necessary to restore an injured cable 
to service. 


A paper presented at the 22152 meeting of the 
American Institute of Electrical Engineers. 
New York. October 11. 1907. 


Copyright, 1907. by A. I. E. E. 
(Subject to final revision for the Transactions.) 


THE GROUNDED NEUTRAL 


BY F. G. CLARK. 


During the consideration of the uesign of one high-tension 
installation, the question of grounding the neutral was inves- 
tigated, and resulted in a decision to ground the neutral points of 
the generators through a limiting resistance. It was my privilege 
to contribute to that design and to recommend that this resist- 
ance be omitted. The reasons for grounding, the reasons for and 
against the resistance,and facts relatively to operation covering 
a per.od of over two years may therefore be of interest in con- 
nection with this discussion. 

The installation comprises a power station centrally located 
for the ultimate conditions prescribed, but unfavorable to the 
preliminary electrification of a steam railroad requiring seven 
sub-stations, and undergound and overhead transmission of 
three-phase current at 11,000 volts and 25 cycles. Fig. 1 will 
give an idea of the present and ultimate conditions. The futurc 
circuits from the power station will be underground cables. 
There are now five 250,000-cir. mils, three-phase circuits leading 
from the station undergound to No. 1 cable house. From there 
the feeders are aerial to sub-station No. 3. This will be seen 
to be the distributing point for the present installation. Two 
aerial circuits lead to sub-station No. 5. At cable-house No. 2 
the circuits are submarine, and again at cable-house No. 3 
submarine cables are used from the north end of ihe draw to thc 
sub-station. 

The feeders leading east and west from sub-station No. 3 arc 
underground. Three circuits lead to sub-station No. 2, and from 
there two circuits lead to sub-station No. 1. Three circuits 
lead to sub-station No. 4 and are overhead from cable-house 
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No. 4. From No. 4 sub-station one circuit leads direct to sub- 
station No. 6 and another to portable station No. 1, and from 
there to No. 6. At portable station No. 1a three-phase No. 2 
conductor branch leads to sub-station No. 7. One circuit leads 
from sub-station No. 4 to portable station No. 2, and from there 
a single-phase No. 1 conductor circuit leads to transformer station 
No. 1. A typical location of this system and length of feeders 
is shown in Fig. 2. 

The protective features are low-equivalent lightning-arresters, 
inverse time-element relays on circuit-breakers, a peculiar method 
of operating exciters, and the grounded neutral. А voltage 
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regulator has lately been installed and has а bearing оп the situ- 
ation. 

The lightning-arresters are used in connection with choke- 
coils at the ends of all overhead feeders. They tend to protect 
the undergound feeders, the station apparatus, and, to a certain 
extent, the aerial transmission lines from the effects of lightning 
and from static strains due to switching, grounds, orshort-circuits. 
The arresters are set to discharge at 8500 volts. The pressure 
between the ground and two conductors of the 11,000-volt, 
three-phase system, with one conductor grounded, is 11,000 
volts When the neutral is not grounded; it is 6380 volts when the 
neutral is dead grounded; it is between 6350 volts and 11,000 
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volts with resistance in the neutral conductor. The locations of 
the lightning-arresters are shown in Fig. 2. 

The inverse time-element relavs afford protection against 
overloads, and are used in connection with the oil circuit- 
breakers on all feeders. The speed in opening the circuit-breaker 
varies with the increase of current in the circuit controlled. 

The relays at the power station ends of the feeders are set 
to allow a maximum of current to flow for a period of five sec- 
onds before they actuate the control circuits to open the. cir- 
cuit-breakers. This is just above the amount of current allowed 
as a maximum per feeder. The relays at the nearest sub-station 
are set to open the circuit-breakers on feeders to more remote 


sub-stations in four seconds for the same current. The relays in 
the sub-station next in progression are set for three seconds 
with the same current, and so on. The relays are connected 
with series transformers, one on each leg of the circuit con- 
trolled, to open the circuit in the event of one leg grounding. 

The excitation of the generators depends upon induction 
motor-generators, with no steam exciter, or battery reinforce- 
ment, although both are available for starting up in сазе of an 
interruption. The induction motors are supplied from the 
main generators through transformers and have about 2.56; 
slip. The output of the exciters depends upon the power-factor. 
which decreases with the voltage. The excitation automatically 
ceases whenever the bus-bar voltage goes below 5,000. 
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A voltage regulator tends automatically to increase or de- 
crease the generator excitation as its voltage lowers or rises. 
The effect of this is to increase the intensity of the accidental 
overload and therefore hasten the automatic interruption. 
This is a radical change from the usual practice of holding up 
the exciter voltage under all conditions. It means a few more 
power station interruptions, but less damage when short-circuits 
occur, and less time lost in sub-stations. 

The foregoing explanation of the protective features of this 
installation may appear to be irrelevant to a discussion of the 
grounded neutral,though it hasa bearing which should not be over- 
looked. The neutral point of each generator is led to a bus-bar 
through a fourth pole of the generator circuit-breaker. Theneutral 
bus-bar is connected to one end of a cast grid resistance suitably 
insulated. The other end of the resistance is connected to a 
ground-plate located in earth kept moist with salt water. There 
is 6.7 ohms resistance, or sufficient to allow 1000 amperes in the 
neutral circuit in the event of a ground. А current of 1000 
amperes will raise the temperature of the resistance approxi- 
mately 1000? fahr. in one minute. An ammeter on the switch- 
board indicates the amount of current in the neutral connection. 
А pilot lamp lights whenever 50 amperes or more flows through 
the resistance. This lamp remains lighted until an auxiliary 
circuit is opened, and has been instrumental in determining 
the number of short-circuits that were also grounds. 

The grounded neutral affords protection against rises in poten- 
tial and high-frequency oscillations due to grounds. Ап ac- 
cidental ground will establish a power circuit supposedly suffi- 
cient in all cases automatically to open the circuit-breaker. 
Were the neutral not grounded, the accidental ground would 
allow the charging current to be discharged through it, tending 
to burn the insulation and cause a short-circuit in the case of an 
underground cable, or burn off the conductor in the case of an 
acrial line. The electrostatic change would also tend to cause 
oscillations їп {һе case. of underground cables and possible 
breakdowns at various points of the system. This has occurred 
during the operation of several high-tension systems. 

Grounding the neutral has the disadvantage of increasing 
the number of short-circuits, and consequently the interruptions 
of service. These short-circuits are dangerous to power-station 
apparatus, as they may cause breakdowns involving greater 
expense and loss of service than the possible resonance troubles. 


1907] CLARK: THE GROUNDED NEUTRAL 1455 


There are conditions peculiar to each installation which have a 
bearing on this question, and these conditions determine the neces- 
sity of a resistance in the neutral circuit, the amount of resistance 
to be used, whether more than one generator should be grounded. 

In systems where synchronous converters have low synchron- 
izing power, the voltage drop due to grounds will cause the con- 
verters to drop out, and a limiting resistance must be placed in 
the grounded neutral. In other systems the generator coils 
are insufficiently braced, and resistance in the neutral is a pre- 
ventive for generator breakdowns. In stations where the 
generators are driven by slow-speed reciprocating engines the 
neutral points cannot be connected to a common bus-bar on 
account of cross-currents. А resistance would be required 
for each generator or that one generator be run with its neutral 
grounded. Р 

A consideration of these facts led to a decision to use а re- 
sistance of 6.7 ohms in the power station of the installation 
described. It was anticipated that this resistance would allow 
sufficient current to flow through any ground which might occur 
to clear the system of that ground, and that grounds on two legs 
or short-circuits would be cleared by the inverse time-element 
relays, or, if very close to the power station, by an interruption 
of service due to the '' killing " of excitation. The events of 
operation indicate that the neutral ground is essential and that 
the other protective features perform their functions suitably. 

Conditions obtain, however, which mitigate against the 
proper operation of this protective feature. One instance will 
serve to illustrate this point. A wire-rigged sloop which had 
been anchored near the cable-house No. 2 draw (Fig. 1) drifted 
out of the channel until a stay-line connected with one leg of 
the transmission circuit, causing a ground. The ground held 
for about three minutes, when the boat shifted and another part 
of the rigging connected witha second leg, causing a short-circuit 
which opened the circuit-breaker. The current in the ground cir- 
cuit was approximately 400 amperes, which was not sufficient to 
open any of the circuit-breakers between the ground and the 
power station. It was enough, however, to burn off an anchor 
chain and several of the wire stays on the boat, and to raise 
the temperature of the neutral resistance to that of a bright-red 
heat. 

When the ground occurred, the neutral point rose from 0 to 
about 2700 volts, aid the two ungrounded legs were approxi- 


1456 CLARK: THE GROUNDED NEUTRAL [Oct. 11 


mately 9000 volts to ground. The electrostatic condition very 
nearly approached that which would obtain in an ungrounded 
system. The lightning-arresters being set at 8500 volts, began 
to discharge, and oscillations were a possibility. 

The inductive drop and the resistance of the ground, added 
to the set resistance of 6.7 ohms, were sufficient to limit the 
current to 400 amperes. With the 6.7-ohm resistance out, 
the current would have been above 650 amperes, or sufficient 
to have opened the nearest controlling circuit-breaker in less 
than one second. The inductive drop was about 1000 volts 
and the resistance through the ground sufficient to divert the 
current to the numerous telephone lines as paths of least resist- 
ance. The fact that telephone troubles are not coincident with 
grounds of short duration would seem to indicate that induction 
is not an important factor in this particular case. "There have 
been no indications of trouble in telephone or telegraph lines 
due to induced potential. 

Some action must be taken to prevent this ground current from 
causing trouble. The grounded neutral is a preventer of electro- 
static troubles and therefore shoud be retained. The resistance is 
a positive detriment to receiving the full benefit of this effect. 
It should, therefore, be omitted whenever the local conditions 
will permit. In the case described this can be done without 
perceptibly increasing the hazard to apparatus. This would 
enable the relays to clear any of the grounds that have occurred 
within five seconds. 

A transmission line may be so long that its total drop and 
the resistance of the ground will produce a condition analagous 
to that described. Such a case would require special treatment, as, 
for example, providing a low-resistance neutral conductor leading 
to a point safely within the area normally protected by the neutral 
ground at the station, and equipping the feeders to points be- 
yond, so that they may be open by a relay. The relay could be 
actuated by a small current flowing in this extension of the neu- 
tral, and in phase with current flowing in one leg of the feeder. 
Such a condition does not obtain on the svstem described and 
we can therefore be reasonably assured that in’ removing the 
neutral resistance we will have removed the cause of trouble in- 
cident to the grounded neutral. 

During two years’ operation there have been over 70 short- 
circuits. About 25 of these have caused sub-station interrup- 
tions, and 6 have been close enough to'cause power-station 
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interruptions. About one-half of these short-circuits showed 
a ground connnection. There have been 10 grounds, of which 
the neutral ground cleared 8. One held for four minutes and 
one for three minutes, both developing into two-wire short- 
circuits. 

It is quite probable that in a system operating with under- 
ground cables only, there would be no outside disturbances in 
connection with sustained grounds. The lead sheaths which 
are generally bonded together in manholes would provide the 
path of least resistance for the ground circuit. The ultimate 
installation will require undergound cables, and except for 
the greater power effects, and greater charging current, will 
alter the present situation but little. 
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COMPARATIVE PERFORMANCE OF STEAM AND ELEC- 
TRIC LOCOMOTIVES 


BY ALBERT H. ARMSTRONG 


So many excellent papers bearing upon the subject of steam 
road electrification have recently been presented to the engineer- 
ing public that the writer hesitates to add to their number. In the 
hope, however, of offering a somewhat clearer insight into the 
fundamental reasons underlying the electrification movement, 
this paper is written from the standpoint of a technical com- 
parison of the performance of steam and electric locomotives. 

Among the many electrification projects now in course of 
construction, nearly all were inspired by such motives as cleanli- 
ness, smokelessness, convenience, etc., but few indeed have been 
considered strictly from the standpoint of direct financial bene- 
fits to be obtained. The improvementsin and around New York 
City terminals, the various tunnel projects such as the early 
Baltimore and Ohio installation, and later the Sarnia, Detroit 
River, and Cascade Tunnel projects—all are examples of steam 
road electrification in which there were distinct reasons for dis- 
placing steam as a motive power, but there are other sections of 
our steam lines where these same reasons do not apply with equal 
force, and benefits of a more far-reaching nature must be made 
evident before such electiifications can be considered as necessary 
or desirable. It is concerning these other sections of steam lines 
demanding other reasons for electrification that this paper is 
written, and the best means to be employed in getting a thorough 
grasp on the subject seems to lie in an investigation into the com- 
parative inherent qualities of steam and electric locomotives. 

Before considering the electric locomotive, much the simpler 
of the two, it is advisable to dete: mine the general characteristics 
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and limitations of the steam locomotive viewed from the stand- 
point of the electrical engineer, in order that the scope of the 
problem may be thoroughly understood and the lines of con- 
trast be sharply drawn. 

This preliminary study of the steam locomotive is made neces- 
sary by the fact that railroad practice to-day is essentially 
steam railroad practice and is hedged about by practices and 
methods of operation demanded by the use of the steam loco- 
motive as a type of motive power. Viewed in the light of 
greatest benefits to be secured, the coming of the electric loco- 
motive is not due to petty economies affected in coal consumption 
and cost of locomotive repairs; indeed, with coal as a common 
source of power, little gain in efficiency is secured through 
burning the same grade of fuel under stationary boileis over the 
excellent results obtained with the highly perfected modern com- 
pound locomotive. As will be discussed later, there exist certain 
fundamental relations between thecost of producing a horse power 
at the drivers of a steam locomotive burning its fuel on the stiuc- 
ture, and a hoise power at the drivers of an electric locomotive 
deriving its energy from a distant stationary power house via a 
distribution system. The use of water power, or of a cheaper 
grade of fuel than can be burned on a steam locomotive, will in 
many cases afford a means of reducing the fucl cost well below 
the present cost of high-grade coal 1equired for successful loco- 
motive operation; but in general the fuel item reduction does 
not in itself offer a sufficient saving to pay an adequate return 
on the large investment required for electrification. 

- It is necessary, therefore, to look for more far-reaching benefits, 
and, not considering the reasons governing the introduction of 
the electric locomotives at terminals and in tunnels, we find in 
a comparison of the characteristics of the steam and electric 
locomotives a contrast so marked that it shows not only the 
superiority of the electric locomotive for general railway con- 
ditions but it also suggests changes of a fundamental nature in 
present methods of operation now necessary with steam loco- 
motives. And these benefits to be secured occur not only in the 
operation of passenger trains, but are felt to an even greater 
degree in the haulage of the heaviest freight trains, a field sup- 
posedly the exclusive domain of the steam locomotive. 

The steam locomotive has two component parts, the boiler 
and the engine, both of which have their own individual charac- 
teristics; and the relation between the two is generally detei- 
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mined by the character of the service for which the locomotive 
is desired. 

The steam locomotive boiler is universally of the fire-tube 
type, though experiments with water-tube boilers point to cer- 
tain possibilities in this direction. Owing to the restrictions of 
width and length available, the locomotive boiler must of ne- 
cessity be worked to its limits in order to generate the greatest 
amount of steam possible. It is not the purpose of this paper, 
nor is it necessary, to go into a detailed discussion of the proper 
relation between grate area and heating surface, fire-box con- 
struction, length of tubes, diameter, etc., all constituting im- 
provements in locomotive design directed to the better evapora- 
tion of water per pound of coal burned and the greater capacity 
of a boiler built within the space allowed. 1% suffices to use 
values of water evaporation, coal consumption and general 
boiler performance as obtained in experimental tests, and 
modify these '' best performance " values by the knowledge of 
conditions obtaining in practical service. | 

The locomotive engine is distinct from the locomotive boiler, 
and when supplied with unlimited steam at constant pressure 
it has its own characteristics and maximum output both in trac- 
tive effort and horse power. Engines are of two general types, 
simple and compound, the latter being introduced in order to 
affect a saving in the large steam consumption inherent to non- 
condensing engine operation. The success of the compound 
locomotive is very much a matter of discussion among railroad 
men, but it seems to have found a permanent foothold upon easy- 
grade lines although its use is still open to serious question upon 
the heavy mountain-grade divisions. In general, the electric 
locomotive must compete with the compound steam locomotive 
on level divisions and the simple engine on heavy grade divi- 
sions, although the Mallet compound has lately been introduced 
with some success in this latter class of work. 

The general shape of the steam locomotive characteristic is 
given in Fig. 1, which shows the relation between the speed and 
tractive effort of a simple consolidation locomotive designed for 
heavy freight service. Owing to clearances it is seldom that a 
locomotive can work at more than 90 per cent. of the theoretical 
full stroke, and hence the maximum tractive effort at starting 
with lever in the corner will not be much greater than 88 per 
cent. of the theoretical tractive effort available with gauge 
pressure in the cylinders. An inspection of Fig. 1 shows that 
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the steam locomotive is limited as to maximum tractive effort 
by its engine design, and limited as to the speed at which this 
tractive effort is available by the capacity of the boiler to supply 
steam. Thus, assuming that the locomotive will give 88 per 
cent. of its theoretical tractive effort when starting, it is capable 
of providing but 80 per cent. tractive effort at a spced of 10.6 
miles per hour (with the constants of the particular locomotive 
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Fic. 1.—Tvpical steam locomotive characteristic (simple) 


chosen for illustration) at which the boiler is giving its full output. 
Hénce higher speeds can onlv be reached with a lesser cut off 
and a consequent reduction in mean effective pressure and 
tractive effort. Locomotive engines are generally designed to 
give their maximum tractive effort at 90 per cent. theoretical 
cut-off at a point corresponding to a coefficient of adhesion of 
approximately 22 per cent. of the weight upon the drivers; that 
is, at about slipping point of steam locomotives with good rail 
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conditions. It is immediately evident therefore, that the 
tonnage rating of the locomotive on ruling grade must be so 
proportioned that the maximum tractive effort called for will 
be less than the available tractive effort of the locomotive in 
order to provide a small percentage, say 10 or 15 per cent., 
for possible starting under maximum grade and load conditions. 
In other words, as the steam locomotive is designed so that the 
maximum tractive effort 15 delivered at a point not greater than 
22 per cent. of the weight upon the drivers, it 15 not possible to 
take advantage of possible abnormally good rail conditions 
(either natural or made abnormal by the use of sand) as the 
engine itself will fail to deliver anv excess tractive effort thus 
made available with increased coefficient of adhesion. 
On the other hand, the tractive effort of the electric locomotive 
is limited only by the adhesion between driving wheels and rail, 
and aside from some 15 per cent. greater adhesion possible with 
the uniform tractive effort provided by the electric locomotive, 
it is possible with this type of motive power to take momentary 
advantage of abnormally good rail conditions or to derive full 
benefit from the use of sand ; indeed, tests have been taken with 
electric locomotives showing as high as 35 per cent. coefficient 
of adhesion between driving wheels and rail. This point is em- 
phasized as with the greater tractive effort of the electric loco- 
motive it becomes possible to give them a higher tonnage rating 
for the same weight upon the drivers than would be possible 
with steam locomotives operating over the same track profile. 
There is a marked difference in the speed characteristics of the 
steam and electric locomotive, and indeed there is also a marked 
difference in the speed characteristics of different types of electric 
locomotives. Although this paper is not intended to enter into 
any discussion of the relative merits of different types of electric 
locomotives, there is so striking a difference in the several speed 
characteristics, each of which possess special advantages for 
certain operating conditions, that Fig. 2 has been prepared con- 
trasting the characteristics of the steam locomotive and the 
direct-current gearless, alternating-current single-phase geared, 
and alternating-current three-phase geared electriclocomotives. 
As all types of motive power share in common the fact of a cer- 
tain critical speed beyond which full tractive effort cannot be 
maintained, the curves in Fig. 2 have been prepared on thebasis 
of showing the relation between percentage of maximum tract ve 
effort available at speeds higher than the critical speed, ordinates 


1464 ARMSTRONG: STEAM- AND [Nov. 8 


being tractive effort and abscissas percentage of critical speed to 
running speed. 

A more familiar presentation is given in Fig. 3, showing a 
concrete ‘case of a 22 by 30 steam locomotive of the simple type 
equipped with 57-inch drivers, contrasted with both an alter- 
naüng-current geared and a direct-current gearless electric loco- 
motive designed for the same tractive effort both maximum and 
running, but for a higher speed. The contrast of these different 
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Fic. 2.—Typical characteristics of steam ard electric locomotives. 


speed characteristics brings out sharply the small speed variation 
with different tractive efforts delivered by the electric loco- 
motives, this small variation being even more marked in the 
case of the direct-current gearless than in the case of the alter- 
nating-current geared motor working at a lower iron saturation 
and thus affording a more sloping speed characteristic. 

The steam locomotive chosen is typical of those in general use 
upon our mountain-grade divisions, the tonnage rating in operation 
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of this particular locomotive being such as to call for a tractive 
effort of 25,600 pounds on average grade and 33,200 pounds on 
the maximum ruling grade occurring on a certain engine division, 
thus leaving a margin of 6,300 pounds above the demands of 
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Fic. 3.—Steam and electric locomotive characteristics. 


maximum tonnage on maximum ruling grade for starting the 
train from rest. 

The maximum speed available at the different tractive efforts 
is a matter of boiler capacity, condition of boiler, quality of coal, 
and efficiency of fireman. The first of these factors, the boiler 
capacity, can be controlled by properly proportioning the design 
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of the boiler to engine capacity, but there are three other factors 
which the locomotive manufacturer cannot control and two of 
these factors constitute sufficient cause to warrant a considerable 
reduction in the theoretical rated capacity of the boiler. Thus, 
referring to Fig. 1, such a locomotive in prime condition care- 
fully fired with the best coal (approximating 14,000 B.t.u.'s) 
should be able to deliver full tractive effort at 10.6 miles per hour, 
but in practice it has been found that the average condition of 
boilers and the average firing provided by the none too con- 
scientious or diligent fireman, cuts the sustained boiler output 
down to not much greater than 75 per cent. of its output under 
what must be considered exceptionally or momentary conditions, 
By sustained ' output ' is meant the output reci:uired while 
ascending the continuous up grades met with on our western 
mountain divisions. Though full boiler capacity may be at- 
tained for short periods, the average performance of all the 
locomotives on the division on the average up grade will show 
a marked reduction in capacity from the results obtained ina 
stationary test or single experimental test runs. 

The locomotive characteristic in Fig. 3, has been prepared on 
the basis of 75 per cent. of the possible boiler capacity in the 
following manner: 


GENERAL CONSTANTS OF SIMPLE CONSOLIDATION LOCOMOTIVE 


Diameter of cylinders; vsu deri ELS 22 in. 
Length of stroke............ —— — — 30 “ 
Diameter of Чг тера int. de d e ETE a dE Sd as o7 " 
Heatin Sur АСЕ 2 анан Sd ene A 3397 sq. ft. 
Total weight of Өосотойуүе....................... 103.5 tons 
МеН on drivers S a о E me Vus 93 5 
Летео tender. ous iunais илле x race E Vs 61.5 “ 
Total weight locomotive and tender............... 165 5 


This particular locomotive has been chosen forillustration as 
it 1s the type in daily use on the mountain division of one of 
the largest Western roads. 

Under the above conditions, the theoretical tractive effort 
is 49,500 pounds, of which 39,600 pounds is available at 90 per 
cent. cut-off. The contents of each cylinder is approximately 
6.6 cu. ft. and with four cylinders of steam per revolution and 
with steam weighing 0.41 pounds per cu. ft. at 170 pounds 
cylinder pressure, each revolution requires 10.85 pounds steam. 
With 3397 sq. ft. of heating surface there is a possibility of 
evaporating six pounds of water per pound of coal when burning 
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two pounds of coal per sq. ft. of heating surface, thus giving an 
available supply of 40,700 pounds of steam per hour when work- 
ing boilers in prime condition at the full output resulting from 
perfect firing with good quality of coal. In practice, however, 
the available steam for sustained output would not be greater 
than 75 per cent. or 30,500 pounds per hour, thus giving full 
tractive effort at 46.8 revolutions of the drivers corresponding 
to 7.93 miles per hour on a 57-inch driver. The ''critical speed ” 
of the locomotive is therefore 7.93 miles per hour when working 
at 75 per cent. of full attainable boiler capacity, and the coal 
consumed under such circumstances will be 4,360 pounds per 
hour, corresponding to 1.28 pounds of coal burned per sq. ft. 
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Fic. 4.—Rate of evaporation 


of heating surface, at which rate we would expect an evaporation 
of approximately seven pounds of water per pound of coal. 

What might be termed the “performance capacity ” of a 
steam locomotive may be worked out from the speed and tractive 
effort characteristics given in Fig. 3, using as a basis the 1000 
ton-miles trailing load moved per hour on a level or any gradient 
selected. The prevalence of 2.2 per cent. ruling grade on many 
of our Western roads perhaps justifies the selection of that figure 
for demonstration purposes; and the coal consumed, crew wages, 
and maintenance charges, may all be worked out from the basis 
of continuous operation per 1000 ton-miles trailing load on 2.2 
per cent. grade, these results being shown in Fig. 5. 
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Certain assumptions are necessary and are as follows: 


COSC uf G3Ib.a cocco ro rra y Me e qoare ens $3.00 per 2000 1b. 
Engineer Wap DET DONE Gi veio x eir ERA $0.50 
Fireman - T ve ooo dite n d dence eke suns sara 0.35 
Conductor 7 "Uu УТТЕ RE Ree EY oe Pw, ДУЗ 0.40 
Three brakemen “ T РТИ acer E Roa MER 0.90 
SUED CPI aa dw dd duda ovx EUER addet 2.15 


Average mileage per locomotive per year, 36,500. 

Total maintenance including round house charges, $5,000.00. 
Maintenance per locomotive mile actually run, 13.7 cents. 
General locomotive constants are the same as previously given. 
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Fic. 5.—Performance capacity steam locomotive (simple) grade 2.2% (up) 


Having broadly outlined the performance characteristics of 
the simple consolidation engine frequently met with in heavy 
grade operation, it becomes necessary so to proportion the con- 
stants of the electric locomotive, assumed to replace it, so as to 
gain the greatest benefit from the different inherent charac- 
teristics of the latter type of motive power. 

Referring to Fig. 2, it is evident that with the small speed 
variation of the electric locomotive, and due to the fact that its 
motive power is separate from its unlimited source of power 
generation, it is possible to consider radical changes in the method 
of moving freight, more especially on mountain-grade divisions. 
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It has become a partly accepted fact that the electric locomotive 
characteristic should be so proportioned as to enable it to operate 
trains at a high rate of speed on level track and at a much slower 
speed on grades, їп fact conforming with present steam practice 
in this respect. The writer would again point out that steam 
railroading to-day is in reality steam locomotive practiceinthat 
the speed possibilities of different track divisions are restricted 
to a large extent by the limitations of the steam locomotive. 
In other words, the only reason why it is common practice to 
run at very low speeds on mountain-grade divisions instead of 
continuing the high speeds in vogue on more level portions, is 
because a steam locomotive cannot be built powerful enough to 
supply the heavy tractive effort required at any higher speeds 
than those now in vogue. 

Railway economies teach us that the lowest cost per 1000 ton- 
miles is obtained when operating the greatest train weight at the 
highest speeds, and Mr. J. J. Hill's well known saving to the 
effect that “ Expenses are per train-mile and receipts per ton- 
mile ", is only partly true, as the time consumed in hauling 
the train one mile enters as a most vital factor. 

Considered broadly, the one expense in train operation that is 
fundamental 15 the cost of fuel, this factor being influenced onlv 
by the economy of the fuel-burning plant. Other expenses, such 
as locomotive maintenance, crew wages, etc., are affected en- 
tirely by the method of operation, and no radical departure from 
present methods is to be looked for until the coming of a type 
of motive power which offers possibilities not equally enjoyed 
by the steam locomotive. 

This point is further illustrated bv reference to the operating 
sheet of one of our greatest Western roads using the simple con- 
solidation locomotive previously described. 


SPEED RELATIONS. Волдр “A” MouNTAiIN DIVISION 


UP GRADE DOWN GRADE 
Schedule speed................ 7.35 miles per hr. 12.5 miles per hr. 
Average speed while running....12.1 ig e 20.0 е н 
Number stops per mile......... 0.177 " ^" “ 0.149 " “ " 


The average schedule speed of a number of trains, including all 
layovers dueto the despatcher or failure of motive power, as obtain- 
ing on another mountain division of a different road, showed 
values as low as 6.7 miles рег hour up grade. In general it may 
be stated that the freight movement over mountain divisions 
is effected at very low schedule speeds, and the cause 1s evident 
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from an inspection of the steam locomotive characteristic. 
Except for the fact that curves are usually of shorter radius on 
heavy grades than on levels, there is no reason for the slower 
speed of trains, provided a type of motive power is available 
that is capable of supplying great draw-bar pulls at high speeds. 
It is just this characteristic which the electric locomotive pos- 
sesses to an almost unlimited extent, and such locomotives can 
be built which are even more powerful and operate at higher 
speed than can be utilized at present. 

For example, the simple consolidation locomotive considered is 
capable of sustaining atractive effort of 25,6001b. at a maximum 
speed of 15.4 miles per hour, and weighs 165 tons with tender, 
while a single New York Central electric locomotive of the 6000 
type is capable of delivering the same tractive effort at ap- 
proximately 37 miles per hour, and the weight is only 100 tons. 
The Central locomotive is of course designed for moderate speed 
passenger service and could not be run continuously at such a 
large output, but it is cited only as an example of a well-known 
electric locomotive having an enormous horse power capacity, 
although in this respect it is but the forerunner of other electric 
locomotives having still greater outputs. Owing to the fact that 
such units may be run in groups of two or more and still be per- 
fectly under the control of a single operator, the advantage of 
very large single units is somewhat modified, and the intro- 
duction of the electric locomotive тау also introduce new ideas 
as to the size and construction of single hauling units. 

The electric locomotive may be equipped with motors of several 
different types each having characteristics best qualifying it for 
certain classes of work. Fig. 6 and Fig. 7 illustiate the usual 
speed, torque, and efficiency curves of two typical motors, the 
direct-current gearless and the alternating-current single-phase 
geared type. The type of motor to be adopted is a matter 
requiring full local knowledge of the conditions obtaining in 
each individual instance before a proper selection can be made. 
All three of the available motors—direct current; alternating 
current single-phase; and alternating current three-phase, 
possess the one needed cheracteristic of great output per pound 
and hence the arguments advanced for the substitution of the 
electric for the steam locomotive are general in character and 
do not apply strictly to locomotives equipped with any one 
type of motor to the exclusion of all others. Аз the direct-cur- 
rent gearless motor can be built in the largest sizes, is the best 
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understood, and is in successful operation upon a very important 
division of one of the largest steam roads, it is here chosen as the 
equipment of a typical electric locomotive. | 

The large output, 840 h.p. for one hour and 400 h.p. con- 
tinuous, shown in Fig. 6, illustrates what can be accomplished 
with this type of motor. The output of the complete locomo- 
tive is dependent upon the number of motors permitted with the 
construction adopted. Thus, such a four-motor equipment is 
capable of delivering a tractive effort of 56,800 Ib. at a speed of 
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Fic. 6.—Direct-current gearless motor characteristics, 1200 volts 


23 miles per hour approximate (depending upon the voltage) 
while the efficiency of conversion at this output would be 87 
per cent., rising to a maximum of 93 per cent. at higher speeds 
and lower tractive effort. Another form of construction, say 
one similar to that employed in the largest Mallet compound. 
would permit the use of two four-axle articulated trucks, pro- 
viding an equipment of eight motors and an output of 113,600 lb, 
at a speed of 23 miles per hour. 

The same motors could readily be rewound to give the same 
tractive effort at considerably increased speeds if desired, without 
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materially increasing the internal losses of conversion. Bearing 
fully in mind the fact that a single operator has this enormous 
energy under perfect control, and that such a locomotive could 
do the work of two or more Mallet compounds and several loco- 
motives of the simple consolidation type, and 1t becomes evident 
that in the electric locomotive there are tremendous possibilities 
of improving present methods of railway operation as now con- 
ducted with the steam locomotive. Carrying the thought a step 
further and appreciating that several such electric locomotive 
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Fic. 7.—Alternating-current single-phase motor characteristics, 25 cycles, 
375 volts 


units may be operate] in a group forming a combined unit, it 
becomes evident that in the electric locomotive we have a type 
of motive power capable of furnishing any output in tractive 
effort and speed that present or future operating conditions 
may demand. 

Returning to the direct comparison of the simple consolidation 
and electric locomotive, Fig. 3, was plotted on the basis of a 
speed of 30 miles per hour for the electric and 15.4 miles per 
hour for the steam locomotive, giving in each instance a tractive 
effort of 25,600 10. at the rim of the drivers. Though the elec- 
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tric locomotive could very readily be designed to give the same 
tractive effort at a higher speed, 30 miles per hour was assumed 
as the highest speed permissible due to the alignment of the 
track on heavy grades. 

To plot а performance capacity curve for the electric locomo- 
tive, certain further assumptions are necessary. 


Type of equipment, direct-current gearless motors. 


Weight of total Іосотоіуе......................... 125 tons 
" OR drivers coss aevi dae set шык BAe оно 100 " 
Engineer wages per һоиг.................... $0.50 
Conductor " dii rp 0.40 
Three brakemen “ Apo dp m TEN 0.90 
Total wages of -COfe Wo d ee do qs Vua waa n iid de 1.80 


Efficiency of transmission rail to bus-bar, 70 per cent. 
Maintenance of locomotive, 5 cents per mile run. 


The train crew is so divided as to permit the location of a 
brakeman in the engineer's operating cab. 

The cost of electrical power must in this instance be most 
arbitrarily assumed, owing to the widely different cost of coal, 
possibility of water power, etc., obtaining in different localities. 
As the cost of coal for steam locomotives will also vary greatly 
as to price and quality, it has been assumed at $3.00 per 2000 
pounds, and a cost for electric power of one-half cent per kilowatt- 
hour is based upon using the same price and quality of coal. 
As it is further assumed that an entire engine division of say 
150 miles is to be electrified, it gives promise of a 24-hour load- 
factor of 50 per cent. and this figure has been taken. Approxi- 
mating the first cost of installation of the generating station at 
$100.00 per kilowatt, and allowing ten per cent. per year for in- 
terest and other fixed charges, the cost of power is brought up to 
possibly $0.0075 per kilowatt-hour at the station bus-bar. Other 
conditions obtaining will in a given instance modify the figures 
arrived at, but for purposes of demonstration $0.0075 is a con- 
servative estimate, and such a figure is needed to compare the 
cost of power with the fuel item in steam-locomotive performance. 

The effect of increased speed on cost of operation is clearly 
shown by comparing the performance capacity curves of the 
steam and electric locomotives, Figs. 5 and 9. 

It will be observed that the reduction in the operating ex- 
penses is effected in the two items of crew wages and mainten- 
ance of locomotives, and that the cost of fuel remains practically 
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unchanged. This is as it should be, as the cost of fuel in the case 
of steam locomotives or power with electric locomotives is the 
only fundamentally necessary expense in train movement. 
Overcoming train friction and raising a train up grade against 
gravity represents useful work performed, and this work 1s ac- 
complished at an expenditure of approximately four pounds of coal 
per horse power-hour at the drivers with simple engines and 2.66 
pounds of coal per horse power-hour at the drivers with electric 
locomotives, including all intervening losses between rail and 
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generating station bus-bar. The speed at which this work is 
performed, therefore, docs not affect the cost of fuel or power, it 
being assumed that the motive power for the various speeds is so 
proportioned as to operate at the point of greatest economy. 
Thus with coal at $3.00 per 2000 pounds in each case, the 
steam locomotive can generate a horse power at the drivers at 
an expenditure of $0.006 as against $0.0039 for fuel alone with 
the electric. The two figures are not directly comparable, as 
to the cost of fuel for steam locomotive operation must be 
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added the extra cost of hauling, which on grade divisions may 
constitute a large percentage of its original cost; and the waste 
incident to handling and storing in many bunkers along the 
tracks. In addition, there is a considerable quantity of coal 
burned under the boilers of steam locomotives standing idle or 
coasting down grades, which will be shown later, may equal ten 
per cent. of the total consumption in main line freight movement 
and much more in the case of helpers and switching engines. 
If, therefore, coal be delivered at the engine division terminal 
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at $3.00 per ton, the actual cost on the tender will be considerably 
in excess of this figure, and due allowance must also be made 
for the coal wasted, burned or otherwise, and not producing 
useful brake horse power-hours at the rim of the drivers. 

In the electric system also, besides the allowance made in dis- 
tribution losses in arriving at 2.66 pounds coal burned per horse 
power-hour at the rim of the drivers, there will be an additional 
charge for labor and fixed expenses incident to power-house 
Operation and first cost. The electric system, however, is not 
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restricted to the use of high-grade fuel and coal of an inferior 
qualitv, and much lower cost, such as lignite, can be utilized, 
besides the large opportunities for cheap power presented by the 
water powers generally available on mountain divisions. 

The saving or deficit in the power item with electric as con- 
trasted with the fuel item of steam locomotive operation must, 
therefore, be largely determined bv the local factors entering 
into the case. A common cost of $3.00 per 2000 pounds for coal 
is taken in this discussion; it is rather favorable than otherwise 
to steam locomotive operation, as coal can be dropped into the 
bin of a power house located at a division terminal at less 
expense than it can be hauled up a severe long grade and dis- 
tributed in several pockets along the route. 

It is evident that the cost of fuel or power, being fundamental, 
constitutes a fixed item in the total cost of operation while the 
other two items, crew wages and maintenance expenses, will be 
determined solely by the method of operation and the excellence 
of motive power used. We have become so accustomed to con- 
sider that fuel, crew wages, and engine maintenance each con- 
stitute approximately ten pet cent. of the total cost of operating 
a railway that we rather lose sight of the fact that two of these 
items are a theoretically needless expense and subject to con- 
siderable modification in practice with the adoption of another 
type of motive power possessing characteristics which will per- 
mit making radical changes in operating methods. 

While the figures shown in Figs. 5 and 9 indicate a certain 
relation among the three items of fuel, crew, and maintenance 
expense, this 15 not the true relation obtaining in practical 
operation for the reason that the values given in the curves 
assume continuous operation up grade under the conditions out- 
lined. Unfortunately, train crews must be paid full value per 
mile whether the mile be up grade or down, and with steam loco- 
motives there is also a considerable loss in fuel resulting from 
engines standing or running light which must be also taken into 
account; hence it becomes necessary to modify the figures ar- 
rived at, and for this purpose certain references must be made 
to current 1ailroad practice on mountain-grade divisions in order 
to arrive at the proper tonnage relations, schedule speeds, etc., 
obtaining in up-grade and down-grade operation. 

Previous figures have been given showing that the schedule 
speed on several mountain divisions 15 approximately 50 per 
cent. of the average running speed and this figure is assumed in 
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the following statement of cost of operating 1000 ton-miles with 
steam locomotives, averaging the cost of up- and down-grade 
running. Owing to the higher schedule speed of electrically 
operated trains, resulting in fewer meeting points with the same 
tonnage handled, and due to the absence of forced stops to take 
on fuel and water, etc., it is assumed that with electric motive 
power the schedule speed may be 60 per cent. of the running 
speed. 

With the electric locomotive standing, or coasting down grade, 
there is no demand whatever made upon the generating station, 
and hence the only expense cairied through these periods is 
that for train crew and a certain amount for maintenance. On the 
other hand, with the steam locomotive there is a considerable 
amount of fuel burned and water wasted when standing at sidings 
and when coasting. In the case of mountain railroading with 
its frequent and prolonged delays, this waste may reach con- 
siderable proportions. 

The following results of a carefully conducted series of tests 
will illustrate this point. Two test locomotives and trains 
were operated over a mountain division under regular 
service conditions—steam and fuel consumption, duration of 
delays, etc., being carefully noted. The total work ех- 
pended up grade was 5700 horse power-hours at the rim of 
the drivers including allowance for 1.54 per cent. average 
grade and seven pounds per ton track and curve friction. The 
total water evaporated on the trip divided by the total 
horse power-hours gave a steam consumption of 36 pounds per 
brake horse power-hour at the rim of the drivers. Indicator 
cards taken upon the engine in question at all cut-offs up to 90 
per cent. showed that the greatest steam consumption did not 
exceed 32 pounds per indicated horse power-hour, or 35.5 pounds 
per brake horse power-hour, allowing ten per cent. internal 
engine friction. Values as low as 23 pounds of steam per 
indicated horse power-hour or 25.5 pounds per brake horse 
power-hour were recorded for the average cut-off of 40 to 50 
per cent. used throughout the run. A third and fourth series 
of tests conducted up the same grade gave similar results, 
except that the values were slightly higher than those quoted, 
showing that there was a considerable loss of water unaccounted 
for by indicator cards and useful work performed. 

Operating down grade, it was necessary to accomplish 1110 
horse power-hours on account of the somewhat broken profile, 
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and again the water consumption showed on two trips 57.7 pounds 
of steam per brake horse power-hour, and on two subsequent 
trips 66.5 pounds, values entirely unaccountable on the basis 
of useful work performed. 

During all tests the usual service delays occurred, and as the 
traffic on the road in question was very much congested, these 
delays constituted a considerable proportion of the total elapsed 
time. In fact during the runs up grade the trains were in motion 
but 66 per cent. of the total elapsed time, and down grade the 
trains were in motion from 52 per cent. down to 40 per cent. of 
the total elapsed time. As these delays were frequent and un- 
determined, it was necessary to maintain full steam pressure 
while waiting for the momentarily expected release from the 
block, hence the waste of fuel and water ‘was considerable. 
Averaging this waste at 400 pounds per hour, at which low 
rate of consumption the water evaporation would approximate 
ten pounds of water per pound of coal burned, or 4000 pounds 
of water evaporated per hour, and reducing the total water 
consumption measured by the waste losses thus obtained, the 
steam consumption in eight different tests up and down grade 
ranged 34.7 pounds, 32.4 pounds, 28.1 pounds and 25.3 pounds, 
etc., water per brake horse power-hour. These values are fairly 
commensurate with results of indicator cards taken, and, with 
the type of engine used and under the operating conditions 
obtaining, an allowance of 400 pounds of coal stand-by losses per 
idle locomotive-hour seemed not too great a value to allow, 
and this figure has been taken in subsequent calculations. 

Locomotive performance capacity curves may therefore be 
plotted which will show approximately the true relation be- 
tween the several items of fuel, crew wages, and motive power 
maintenance, by adhering to the following assumptions: 


Ratio schedule to running speed up-grade steam locomotive, 


50 per cent. 
" й х electric " 60 per cent. 
Schedule speed down-grade фбсат............... 15 miles per hour. 
* i T Us. qledtfl6scosoie i uem 18 miles per hour. 
COSE OL СОАК anlem ае Dens etn $3.00 per 2000 1Ь. 
"^ C"oeleetric POW Els 4 eeu eee T DEP REP Ca AE 0.0075 per kw-hr. 
Efficiency of 4йїхїтїһбишйїөп....................... 10 per cent. 
Crew wages per hour 5їеап.................... $2.15 
" 4 Е ус Uu ОТОТ $1.80 
Maintenance locomotive steam..................$0.137 per mile. 
А н ы шесе fate sod eui oT $0.05 per mile. 


Fuel waste per idle hour зїеат................. 400 1b. 
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An inspection of the performance curves shows that in prac- 
tical operation the fuel expense approaches more nearly to the 
value of the other items considered, instead of being greatly in 
excess of them as indicated in the theoretical performance 
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curves, Figs. 5 and 9, showing up-grade operation only. For 
operation on lesser grades than 2.2 per cent., all items are re- 
duced and the total and subdivided comparative costs are given 
in the following table and in Fig. 11. 
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COMPARATIVE OPERATING EXPENSES PER 1000 Ton-MILES STEAM (SIM- 
PLE) AND ELECTRIC LOCOMOTIVES 


AVERAGE OF UP- AND Down-GRADE OPERATION 


: Steam Locomottves 
Grades dopio we edhe dba 16, 1% 140, 265 


COO sce iere о E 15 cents. 25.5 cents ЗХ cents. 53 cents. 
ocu OM EE 13.5 " 24 x 36 ^" 50 ^" 
Maintenance............. 10.5 ^" 17.8 “ 36 ^" 360 ^" 
КОКА нень “ 673 “ 100 “ 139 “ 
Electric Locomotives 

Ое дикта r aa lC 195 1465 265 

PON ЕГ n uu deed usb das 20 cents 35.5 cents 50.5 cents 66 cents. 
TOW oa e doe a EE Sd aa dud. * 12:39. “ 18 ч 24 ^" 
Maintenance............. 36 ^" Во 9.0 “ 119" 
ТӨШЕ Ен иан t tek eacus 30.8 “ 53.9 " 71.5 “ 101.9 * 

Saving effected by electric operation 
Grades eade Lewes as 4 1% 14% 2% 


8.2 cents 13.4 cents 22.5 cents 37.1 cents 


A study of the above table is most instructive, as it shows that 
while the percentage saving with electric operation is approxi- 
mately the same whatever the ruling grade, yet the actual money 
saving is much greater on the heaviest grades. As about the 
same investment must be made in each case for distribution 
system including third-rail or overhead trolley, sub-stations, 
etc., the inference must be drawn that heavy-grade divisions 
present a more attractive field for electrification than level 
sections when considered from the purely economic standpoint. 
There are other items of saving and other reasons for electrifica- 
tion which may Бе more or less controlling in individual cases, but 
it seems possible to make the broad statement that the mountain- 
grade division offers a particularly attractive field for the elec- 
tric locomotive, and its introduction should be the means of 
affecting such economies in both freight and passenger trans- 
portation as to pay a-satisfactorv return upon the investment 
required. 

So far, the matter has been viewed from the standpoint of com- 
parative operating expenses for a given tonnage moved. There 
is another argument for electrification which may in certain in- 
stances be of a much more controlling nature. Most of our 
mountain roads are single track and transcontinental tonnage 
has so increased as seriously to congest these mountain divisions. 
The heavy trains of the plains, weighing 2000 to 3000 tons, must 
be split up into units of about 1000 tons in order that the present 
steam engines, operating double and even triple, may haul them 
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over the heaviest grades. The slow speed obtainable makes 
the number of trains on a mountain division large, the meeting 
points frequent, and hence, however good the despatching sys- 
tem employed, there will of necessity be a considerable amount 
of lost time introduced. Add to this the failures of motive 
power being worked to its limit, and there is reason for the claim 
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Fic. 11.—Service capacity of steam and electric locomotives average both 
directions and any gradient 
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that the tonnage capacity of the division will be greatly increased 
by the introduction of electrically hauled trains. 

Lest the writer be accused of unfairness in selecting the simple 
engine for comparison, it is proper to touch upon the economies 
effected with the use of the compound locomotive and also by the 
introduction of such coal-saving devices as superheaters and 
feed-water heaters. 


1482 ARMSTRONG: STEAM AND [Nov. S 


Reference to Fig. 13, shows a saving in water consumption 
per horse power of approximately 20 per cent. with the com- 
pound locomotive, but in spite of this generally accepted saving 
the simple locomotive still rules the mountain division after 
repeated trials of the compound. Not being an ardent supporter 
of either type of locomotive, the writer leaves the battle of the 
simple and compound to their enthusiasts, commenting only 
upon the fact that, except in the case of the Mallet compound, 
the arguments for the compound are based upon fuel economy 
only. 
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The latest Mallet compound, weighing 413,000 pounds, is the 
largest steam locomotive yet built, and 15 of particular interest 
owing to the enormous boiler which such a construction permits. 
With a total heating surface of 5300 sq. ft. we should expect an 
evaporation of 63,600 pounds of water for a short period and 
possibly 48,000 pounds water continuously. With a possible 
evaporation of six pounds of water per pound of coal, this would 
necessitate the burning of 8,000 pounds of coal per hour, re- 
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quiring the best efforts of two firemen if maintained for several 
hours. Assuming a steam consumption of 22 pounds per brake 
horse power-hour, such a locomotive should give a sustained 
output of 2180 horse power at the rim of the drivers, and this 
with a weight with tender of approximately 300 tons, or three 
times the weight of an electric locomotive of the New York 
Central 6000 type giving the same horse-power output. 

The two locomotives are, of course, designed for entirely 
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Fic. 13.—Steam consumption simple and compound 


dissimilar classes of work; but it is not unfair to compare them 
on a horse-power basis as it is the huge boiler of the Mallet that 
is remarkable, and upon this basis the selling price of the two 
machines is approximately the same. 

The comparative cost of electric and steam locomotives is 
generally considered as very favorable to the steam units, but 
reversing the usual methods and comparing the cost of the elec- 
tiic with that of the steam locomotive or locomotives required 
to replace it, may reverse the relations. The electric locomo- 
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tive requires no more than casual inspection, can be side-tracked 
indefinitely and still be ready for instant operation at full 
capacity, can run 24 hours without a stop, if necessary, and all 
these advantages and others offers a guarantee for a much 
greater annual mileage than is possible with its steam competitor. 
Then, too, compare the cost of a group of steam locomotives (no 
single unit could be designed to give the output) capable of 
delivering even 4000 h.p. continuously with a single electric 
unit of this output, and the difference in cost is not great. It 
may be stated broadly that for a given gross annual ton-mileage 
moved, the cost of steam locomotives may be even greater than 
the cost of the electric units replacing them. 

The term “ horse power ” is perhaps not fully appreciated by 
the steam railway fraternity. When the statement is made 
that a certain electric locomotive is rated at so many horse power 
output, it does not leave the impression it should. The horse 
power output of a locomotive is a direct measure of its capacity 
to do work, and while the tractive effort available governsthe 
tonnage of the trailing load, it is the product of the tractive 
effort times the speed at which it is available, or in other words, 
the horse power output, that measures the hourly tonnage ca- 
pacity of the locomotive upon which the crew expenses of the 
entire train depends. Hence the great claim for recognition of 
the electric locomotive lies in its great horse power output, that | 
is, its ability to carry full tractive effort or to slip its wheels at 
speeds two or three times greater than can be done with any 
steam locomotive yet built. 

Superheating promises something in fuel economy, as does the 
introduction of feed-water heaters. Such improvements, to- 
gether with the adoption of the four-cylinder locomotive, either 
compound or simple, must necessarily call for more expense to 
maintain and less reliability in operation. In fact, superheating 
in stationary boiler plants has given much trouble, and excessive 
superheating has not been a complete success even when used 
with turbines, with which superheating has given the best 
results. Judged from stationary engine practice, it seems fair 
to assume that the amount of superheat in locomotive practice 
must be moderate and result in small benefits to be secured. 

The feed-water heater is also a coal-saving device and should 
prove to be worth its added complication as soon as it is com- 
mercially developed. 

As against the reduction in fuel expenses promised by the use 
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of the compound locomotive fitted with superheaters and feed- 
water heaters, the electrical engineer has up his sleeve the great 
possibilities offered by regeneration of power whileelectrically 
braking on mountain-grade divisions. The amount of power 
saved by this means may in certain installations amount to as 
great a percentage of the total as 1s the saving affected in coal 
expenditure with steam locomotive by compounding and pro- 
viding superheaters and feed-water heaters. Such an electrical 
saving is of course restricted to heavy-grade divisions, but the 
feasibility of electric braking by regeneration is unquestioned. 
Indeed with three-phase induction motors regeneration is 
automatic, the motors being peifectly reversible and returning 
energy when operating down grade with no change whatever 
in their connections. Other types of motors may be adapted 
for regeneration with slight modifications in the control system. 

The chief advantage of regeneration lies in the assurance it 
offers of greater safety in operating on heavy grades. The present 
method of braking, by friction between wheel and shoe, results 
in overheated parts, breakages resulting therefrom and conse- 
quent danger of derailment. The descent of a long heavy 
mountain grade is accompanied by the shoes and wheel rims be- 
coming heated to a dull red, while the introduction of the electric 
locomotive offers an opportunity of holding the train in whole 
or in part by means of the same motors used to haul it up grade, 
and thus eliminating one of the greatest sources of danger in 
mountain railroading. 

All of our railway managements have felt the need of estab- 
lishing a so-called express freight service comprising a light 
train operating at much higher speed than is the case with the 
bulk of the freight movement. It is well known that the cost 
per 1000 ton-miles for moving express freight 1s very much 
higher than in the case of low-speed freight. An inspection 
of Fig. 3, illustrates the reason for this. The steam locomotive 
is essentially a slow-speed unit when delivering its full tractive 
effort; that is, a tractive effort equal to 22 per cent. of the 
weight upon the drivers, and high speed is only obtained at the 
sacrifice of tractive effort. Hence a high-speed freight train is 
of necessity a lighter train than could be handled over the same 
profile by a given locomotive, and the crew and maintenance 
expense 1s therefore large. That such a class of service is never- 
theless profitable or at least necessary is evidenced by the con- 
tinuance of the practice and the proposed introduction of elec- 
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tric locomotives, in effect, makes all trains fast freights, gaining 
the benefits of such a service without incurring the penalty of 
increased operating expenses inherent to steam operation. 

In this paper the writer has attempted to outline some of 
the fundamental reasons for the electrification of steam roads; 
the figures submitted are used for illustrative purposes only and 
are not intended as being directly applicable to any concrete 
case. Many of the points touched upon, such as steam locomo- 
tive improvements, compound versus the simple, and the com- 
parative advantages of different types of electric locomotives, 
etc., could all be treated in separate papers by themselves, so 
replete with interest are the different points raised. Rather 
than befog the main question at issue, which is the electrification 
of steam roads, detailed proof of many statements made has not 
been attempted, as the introduction of such proof would un- 
necessarily extend a paper already too long. Nor does the writer 
believe that the time is ripe for the electrification of steam roads 
at large; indeed, the electrical enthusiasts would be hard put to it 
if called upon to show reason for the electrification of many 
branch steam lines carrying a small tonnage at infrequent in- 
tervals. There are, however, certain divisions of our steam rail- 
ways which, either on account of their broken profile or heavy 
traffic, offer an opportunity to introduce a superior type of mo- 
tive power which will effect such economies in operation as to 
provide adequate return on the investment required for the 
electrification. There are still other divisions where a much 
desired increase in the track-tonnage capacity can only be 
effected by double tracking so long as the steam locomotive is 
adhered to as the type of motive power used. Double tracking 
a mountain-grade division is often a matter of enormous expense, 
and electrification of the single track may relieve the present 
traffic congestion at a moderate cost. 

On mountain-grade divisions the subject of regeneration with 
electric locomotives should receive very careful consideration, 
not so much on account of the saving in power which it may 
effect, but rather on account of the greater safety of operation 
which it guarantees by eliminating the serious defects of holding 
trains on heavy grades by wheel and shoe friction. Finally, there 
are the many incidental advantages to be gained with electrifica- 
tion which cannot be predicted with any accuracy, as they result 
from changes in operating methods sure to follow the introduc- 
tion of a type of motive power not subject to the service limita- 
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tions of the steam locomotive. No attempt has been made 
even to approximate the saving effected in engine supplies, round- 
house expenses, elimination of water supply with its often 
attendent expensive purifying outfit, and the many items inci- 
dent to steam locomotive operation. These items are inci- 
dental and seldom assume an importance sufficiently great to 
class them as fundamental, though the difficulty of procuring 
good water, even with purifying plants, may approach very 
closely to being a controlling factor in certain cases. 

The freight-car shortage problem itself is a very serious one 
at certain times of the year on some roads, and asthetotalfreight- 
car mileage can be increased with the higher speeds provided 
with electric locomotives, it should result in the saving of a 
considerable expense now incurred for rental of foreign cars, or 
even increase the gross receipts by the movement of tonnage 
which more available cars would make possible. 

The subject of the electrification of steam roads is, therefore, a 
very broad one, and while this paper has been devoted largely to a 
discussion of operating expenses as affected by the different 
characteristics of the two types of locomotives, it has been 
done to illustrate the advantages resulting from increased 
locomotive capacity. The keynote of electrification is capacity; 
by approaching the problem from this standpoint only can full 
benefits be obtained. 


A paper read at « meeting of the Schenectady 
Branch of the American Institute of Electrical 
. Engineers, April 25,1907. 


Copyright 1907. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


CONSTANTS OF CABLES AND MAGNETIC CONDUCTORS 


BY ERNST J. BERG 


In the paper on “ Line Constants, Etc.,"* equations were 
given for the inductance and capacity of the parallel conductors: 
used in transmission lines. The formulas given were sufficiently 
accurate for any transmission line calculations where the dis- 
tance between wires is large compared with their diameters; 
where, however, the diameters are comparable with the dis- 
tance, as is often the case with cable transmissions, it is neces- 
sary to use the strictly theoretical expression. 

In looking up the available literature on this subject, one is 
surprised at the great number of different formulas given. 
This is particularly the case in reference to the inductance 
formula which generally consists of two terms, one of which is 
constant and is usually given as 0.5, 0.75, or 1; the other a 
logarithmic function, also variously expressed. | 

Frequently the constant term is left out altogether, espe- 
cially in formulas pertaining directly to standard line con- 
structions. 

To clear up the situation the following deductions are made. 
and a discussion added to show when the approximate formulas 
can properly be used. 

A and B in Fig. 1 represent a couple of parallel cylinders 
of radius r and distance between centres D. For convenience 
in reasoning it is assumed that they are made up of a large num- 
ber of strands or elements. 

A current J flowing through conductor A will set up mag- 
netic fields inside of the conductor and in the surrounding 
space. Consider at first the flux inside of the conductor. 
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The flux per unit length of line in section d x, is due to the 


— ^ 
current flowing inside of zone d x,, which current is — I. 
r 


TEE cu 
Thus the magnetomotive force per unit is — J. 
r 


2 «X, 
"S "— "UN 2x,1 
The field intensity is 4 z X magnetomotive force — zx 
Therefore the flux — Eu 


The electromotive force corresponding to this flux = kx flux 


T 
in each section — 2х, Гах, Xo. wd " 
f US. eom җ =k E The equiva- 


r? r? 
: ; o kI 
lent flux corresponding to this electromotive force is E 
I ; ; ; ; 
=> and therefore the equivalent inductance, which is 
QU MES 
current 2" 


The flux outside of the conductor is found in a similar way. 


; , . I 
In that case the magnetomotive force per unit length 1s Vu 


9 
the field intensity 47 ,, | == : and the flux 


«x x 
D- 


2 I 
М, = E dx = 2I ("lg (D—r)—”lgr) = 21g” А 


т 


The total flux expressed in centimeter-gramme-second units 


is therefore М = I (2 nl g 2- 4 +5) and the inductance 
M D—r 1 


Transforming this equation to practical units and expressing 
L in millihenrvs per mile of conductor we get: 


161 D—r 1 
= c “Оч S MES 
L- T (2 a T ;) 
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In transmission lines D is usually large compared with r, so 
that the equation may be written: 
161 2D 1 
Ee ax (2"6^7-* 3) 
where D is the distance between centers of wires and d their 
diameter. 


Determination of capacity between two о расад cylindrical con- 
ductors. Let À and B in Fig. 2represent two conductors charged 


| 
( pae X 3 
> a PM 


pug 
Fig. 2 


Fig. 5 Fig. 6 
© С 523 
ош 
Fig. 8 Азыгы 9. 


with a certain amount of electricity О, A being positive - Q 
and B negative—Q. 

Around each of these conductors is a field of stress, gradually 
decreasing towards zero potential plane. 

The total field emanating from А is 4 x О, thus the field in- 


4 
tensity of an element at any distance x from А is с 
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The corresponding field intensity due to the charge in B is— 
m" o Es 
2л (D—x) D—x 
or static potential 1s: 


20 -2Q0 — 1 1 
op л) 


, So that the resultant static field intensity 


Consequently, in moving the element from the plane of zero 
potential to the surface of the conductor its potential rises 


D 
3 LE ae | Di 
to 20dx (y+ D—x Which integrated is2Q"/ е ps 


r * 
The capacity, which is the ratio of charge to potential causing 
the charge, is therefore 


: 1 
QR == ы РН 
D-r D-r 
р n = А Dn 
20 "l g А 2 "1р : 
which in practical units is: 
(one E 
i9 x52 P7 


where C is microfarads per mile of conductor 

k specific inductive capacity, 

D distance between centers of wires, 

d their diameter. 

In transmission lines where A = 1, and 2D is large compared 
with d, the formula can sufficiently accurately be written as: 

890 

А 2D 
10* {р Р a 

Cables. With the present state of the art it would not be 
conservative to use a cable at more than 25,000 volts between 
conductors, although it is to be expected that at least with 
rubber-covered cables, or cables with insulation of gradually 
decreasing specific inductive capacity, a higher voltage can finally 
be used. 

At present time essentially, or almost entirely, two kinds of 
cables are used, one having paper insulation and the other 
rubber insulation, both being covered with lead. 


un 
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Although the dielectric strength of paper is considerably less 
than that of rubber and therefore more insulation is needed due 
to the lesser cost, it 1s almost entirely used, and no doubt will 
remain so until cables for higher voltages are required. 

It is almost impossible to give a general rule for the safe current 
capacity of a cable, since it depends largely upon what kind of 
conduit is used, the relative amount of insulation, etc. Perhaps 
0.025 watts per square inch radiating surface (outside) is as 
fair approximation as can be made. When, however, the cable 
is laid directly in soil, 5097, more current can becarried, and when 
placed in water 100% more current seems safe. This last case 
corresponding to 0.1 watt per square inch. "The actual rise in 
temperature in the conductor is then about 30? cent. 

On account of skin effect 1t is not desirable to use a conductor 
larger than about 1 in. in diameter in 60-cycle circuits, and one 
of 1.5 in. diameter in 25-cycle circuits, in which case the effective 
resistance is about 10% greater than the ohmic resistance. The 
fact that the conductor is made up of a number of small wires 
does not materially lessen the skin effect, since the individual 
strands are not thoroughly intermixed, but each remains at the 
same distance from the center at all times. 

There is, however, for given outside diameter of the cable as 
compared with the outside diameter of the solid conductor, a 
shghtly lesser skin effect in the case of the cable, due to the 
higher specific resistance of the cable, when considering the 
total cross-section. 

In other words. there is less conductivity for a given area of 
cable than in the same area of solid conductor, and since the 
skin effect depends upon the resistance per given area the skin 
effect must be reduced. The theoretical equations governing 
this phenomena are extremely complicated and are therefore 
omitted. 

The inductance and capacity equations deduced apply directly 
as long as all conductors belonging to the same circuit are in the 
same conduit or cable. If, however, that 1s not the case, but as 
in a single-conductor cable independent cables are used for the 
outgoing and incoming conductors '' effective " values have to 
be calculated. | 

In the preceding were given the inductance and capacity 
formula for two parallel cylindrical conductors. In dealing 
with cables we require to consider the inductance and capacity 
between concentric conductors, such as single conductor in lead- 


tt 
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covered cable where current is permitted to flow in the lead or 
concentric conductors in general. In that case the equations 
become 


_ 370 „р 
кла л 
Cus 770k 

104 “log — 


Where L and C are respectively inductance in millihenrys and 
capacity in microfarads per mile of conductor. Thus in a con- 
centric single-phase cable in 0.5 mile of length of cable or in a 
three-phase cable in 1 mile of length. 

Effect of grounded lead covering of single-conductor cables. The 
lead covering obviously acts as a short-circuited secondary to 
the electromotive force induced by the reactance of the line. 
It consumes some of the electromotive force, therefore reduces 
the inductive drop but increases the ohmic loss due to the cur- 
rents in the lead. | 

In calculating the phenomenon we will substitute for the line 
the primary of a transformer of same resistance as the line and 
with a magnetizing current the same as the line current at the 
voltage corresponding to the reactance electromotive force. 

The reactance of the primary in this equivalent transformer 
is caused by the flux between lead covering and the conductor 
and is therefore as a rule quite small. 

The secondary resistance corresponds to the resistance of the 
lead (which for given cross section is 14 times that of copper). 
the reactance 1s the same as that of the primary. 

We can therefore diagramatically show these circuits as in 
Fig. 4. 

The lead covering being grounded acts as a sheet of metal 
surrounding the conductor in inductive relation to the primary. 

Or as in Fig. 5, where the line resistance and reactance are 
assumed as concentrated in a transformer. 

Or finally as in Fig. 6, as a combination of inductive circuits 
with the proper transformer constants. 


Let e = line voltage. 
Z = R-j X = load impedance. 
2 = т—] X = primary impedance. 
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where r = line resistance. 
х = reactance between conductor and lead. 
Zi = r,—] X, = secondary impedance. 
where r, = resistance of lead covering (For the same cross- 
section 14 times that of copper.) | 
Y, = primary admittance = у b where 


РЕ; 1 ' 
bis = —orY,- 208 
Ez Xo X. 
х, = line reactance if no lead covering existed and a conductor 
of the same outside diameter as that of the lead covering were 


used in the calculations. 


Joint admittance of the two parallel circuits of impedance 2, 
andz,is Y, + Y, = Y,  Thecorresponding impedance 2, = 


1 Е 
voc . -y since x, 15 small 


we have z, — ac d ati Xo (x41 ri) 
? JV; +х, r? +x? 


Total impedance 15 = 2, 2 +4 


Current therefore = — &-—; 
2,+2 + 
| eZ 
Voltage across load e, — £117 
eZ e (+2,) 


T =, _ |, её(2+2,) 
E, drop in line e Исса 


Let 2+2, = 2, 


1498 BERG: CONSTANTS OF CABLES [April 25 


We have then Е! = c T 
2+2, 


In an ordinary line we have 


€ Lu ede : 
current = 7+ z Drop in line / = 2+2, 


Comparing these two equations, А and В, we see that if the 
values of line impedance obtained by writing z, — 2, are inserted 
we can use the ordinary line equations © 


From above we have — 


or neglecting x, which is small, we can write the effective resistance 


pert х 
as—-r 1—9 
2 2 
"y tX 
2 

. r Xo 

and the effective reactance = 3 

r tXo 


As a rule x, is small compared with r, and we can write 


effective resistance — r+ - 


й reactance — x, 

When estimating the reactance and effective resistance of a 
grounded single-conductor lead-covered cable—calculate the 
ohmic resistance r of the conductor, the ohmic resistance r, 
of the lead covering, (specific resistance 14 times that of copper) 
determine the reactance x, as between two parallel conductors 
of same diameter as the outside diameter of the lead, and sub- 
stitute the values so obtained in the equations given above. 

Instance. Two cables of 1000 ft. total length placed on 4.5 in. 
center, each cable contains a 0000 B. & S. conductor. Out- 
side diameter of lead 1 in., inside diameter 0.75 in. What 15 
the effective resistance and reactance of 25 and 60 cycles? 
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r = 0.049, area of lead a4 = 0.343 sq. in. corresponding to cop- 
0.343 
per section = ———- = 0.0245 sq. in. 
14 


Therefore r, = 0.332. 


At 25 cycles reactance outside of lead is я ot 
8 1 1 | 
(2 ет +5) 5.98 — 0.0223 ohms. 
Therefore effective resistance 
0.0223? 


At 60 cycles the reactance is 0.0535. 

Therefore effective resistance = 0.0572. 

The resistance is increased 3%, in the first case, 16% in the 
latter. 

To illustrate the increased loss in a single conductor lead- 
covered cable, table A has been prepared. It applies to a single- 
conductor cable No. 0000 B. & S. having a lead covering т in. 
thick, the outside diameter of the lead covering is 1 in. Losses 
are given for various distances to return conductor and at various 
frequencies. 

It shows that in general the losses introduced are small and 
need only be considered in 60-cycle systems when the cables area 
considerable distance apart. This table refers to one mile of 
conductor. . 


Cycles 12.5 

Distance 

inches 2.13 4 12 24 . 
f 0.264 0.264 0.264 0.204 

X, = Xe 0.0249 0.0458 0.0772 0.0952 

(XQ 0.0006 0.0021 0.0059 0.009 

Te 0.2642 0.2649 0.2665 0.2678 
Increase 0.1% 0.349, 0.9865 1.4% 
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Cycles 25 
Distance 
inches 2.13 4 12 24 
ү 0.264 0.264 0.264 0.264 
R= he 0.0497 0.0916 0.1544 0.1904 
02 0.0025 0.0084 0.0238 0.0362 
fe 0.2651 0.2676 0.2743 0.2796 
Increase 0.4295; 1.37% 3.9% 5.9% 
Cycles 60 
Distance 
inches 2.13 4 12 24 
r 0.264 0.264 0.264 0.264 
Xs EN 0.1193 0.220 0.3706 0.4570 
кр 0.0142 0.048 0.137 0.208 
fe 0.2701 0.2848 0.3233 0.3536 
Increase 2.3% 7.9% 22.5% 33.9% 


Effect of a non-grounded lead covering 1n stngle-conductor lead 
cable. Since there is a difference in flux between the inside and 
the outside half of the lead covering, currents must flow along- 
side the covering in one direction in the inside half, in the other 
direction in the outside half. 

The average distance between center of one conductor and the 
nearer half of the lead covering of the other conductor is 


D 
)—-—. 
: 4 


The average distance to the outer half is 
D 
= D4") 
P 1 


The difference in inductance is therefore 


D p D 
pps 2 10 log- t 10 log AUT m 
C 10 d d 
D+ 
Z = Mog D 
^4 
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Where 14 is expressed in millihenrys per mile of conductor. 

With J current flowing in the conductor and the resistance of 
the lead covering calculated as above, that is a conductor of 
same length, as the conductor proper, and with the actual cross- 
section of the lead, we get: 


Reactance electromotive force — а fal 
А 2znlal 
and eddy currents in lead — dr i$ 
; 4л? и? 1? Г 
Thus the loss іп the lead = -- 4r, 108 ` 


Therefore the effective resistance 


mud а 
r, 10° 
Where n = frequency 
lg = inductance in milhenrys 
r, = lead resistance—as defined above. 
r = resistance of conductor proper. 
With 4 in. distance between centers and one inch conductor, we 
get: 


D 


1 = è 
D! 
Eu Сы. 2. 
D 1 3.45 
132. ‚ _ 40 
14 к= 103 log 1.13 = jor mh. 


Therefore effective resistance 


25? X 40? 


exer t EX Hm NIS 903. 


= 0.049 + 


We see from this that the eddies in a single conductor lead 
covered cable are negligible if the lead 1s not grounded. 

Effect of tron-armored single-conductor cable. If the cable instead 
of being covered with lead, were covered with a magnetic mater- 
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ial such as iron, the problem would be more complicated on ac- 
count of the increased flux duetotheiron. Such conduit is indeed 
quite out of the question on account of the increased reactance 
and eddy losses. 

From the saturation curve of the iron it is possible to determine 
the magnetic density and therefrom the flux in the iron for a 
given current in the conductor. 

Assume this flux to be M 

Е, the electromotive force corresponding to this flux is 


4.44xMxn 
10° 


; ‚ Е 
The corresponding reactance is — 


I 


which reactance should be added to the normal reactance as 
obtained in a non-magnetic system. 

The hysteresis loss corresponding to this density is found from 
the hysteresis curves of the iron, and this loss divided by 7? gives 
an equivalent resistance which should be added to the resistance 
as obtained in case of a non-magnetic conduit. 

As an instance. Assume the cable described above covered 
by iron instead of lead, and that 150 amperes are flowing in 
the main conductor. 

Assume further that the iron is $ in. thick and that the total 
loss due to eddies and hysteresis is five times as great as the 
hysteresis loss proper. 

The magnetomotive force available is 150 \/2 = 212 ampere- 
turns. 

The magnetic length is { z = 2.75 

212 


Magnetomotive force perinch = 275^ (d 


This corresponds to a density of 100,000 lines per sq. in. 
The magnetic cross-section = 1000 X12X4 = 1500 sq. in. 
Therefore the total flux M = 150,000,000 and E = 166 volts, 


. 166 
the reactance due to iron is thus 1 d = 1.1 ohm. 


From hysteresis curve we find the loss per cubic inch per 
cycle = 0.028 watts. 
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Therefore the loss is 0.028xX5x1500xiXxzx25 = 14,500 
watts. 

Whereas the P R proper is but 150? х 0.049 = 1100 watts. 

It can readily be proved that even the thinnest iron covering 
is prohibitive in single-conductor cables for alternating currents. 

In concluding the discussion of the effect of armor we may 
add that where two or more conductors involving a complete 
circuit are carried in the same conduit, it matters not whether 
the covering is of iron or lead, grounded or not grounded. 
The effect of the covering on the resistance or the reactance 15 
negligible. 

Iron wire and cables used as electrical conductors. Since the ohmic 
resistance and permeability of iron changes very considerably in 
different grades and since the permeability varies with the cur- 
rent, it is evident that it is very difficult to lay down any definite 
rules regarding the effective resistance and reactance. So that 
in order to get accurate determinations it is necessary to test 
samples of the conductor intended to be used. 

With the present price of copper wire, it is evident however 
that wherever small power is carried relatively short distances 
at high voltages, iron wire, or at least iron cables, could be used, 
and calculations must be made before the actual wire has been 
secured. 

With direct current the matter 1s fairly simple, since the per- 
meability does not enter and wires of definite resistance could 
be ordered. This resistance in iron wire varies from say four 
times that of copper to seven or eight times that of copper. 

With alternating current the skin effect causes additional re- 
sistance, which, at least in large conductors, is considerable, 
often several times that of the true ohmic resistance. This 
effect is however small in small wires, say wires of number 8 to 
12 B. & S. gauge, but with large wires it 1s considerable. Such 
small wires can not, however, well be used for transmission lines 
for mechanical reasons. Therefore, it seems probable that 
stranded cables only need to be considered. 

From a number of deductions it would seem as if the effective 
resistance of such stranded cable (7-strand cable) could be ex- 
pressed by the following formula: 

K NP р? 


ы деке ш 


In which K depends upon the permeability and may average 2. 


1504 BERG: CONSTANTS OF CABLES ` [April 25 


R = effective resistance per mile of cable. 

r = ohmic resistance. 

N = frequency. 

В = current density in amperes per square inch superficial arca. 
D = external diameter of the cable. 

The reactance can be approximated as: 


К М BD 


— y А? 
X =х+0.01А+ rx 10° 


Where X = effective reactance per mile of wire. 
x = reactance as obtained if the cable were made of 
copper. 


These formulas apply fairly well, at least tocablesof from } in. 
to 4 іп. external diameter. It is unlikely that larger cables will 
be used, since the skin effect 15 very considerable with 4 in. cables, 
and it is unlikely that smaller cables will be used, on account of 
mechanical reasons. 

It is to be noted in connection with these formulas that the 
reactance as a rule 1s not prohibitive with the use of iron cables. 
It has often been thought that the reactance was the limiting 
feature, but this 1s not the case—the effective resistance is of 
more importance. 

When using very large iron or stecl conductors, such as rails 
in the case of single-phase railroading, the effective resistance 
can be estimated from the degree of penctration of current, and 
this has been approximated by Steinmetz and others to be 


: 2000 
д = —___- 
Venn 

Where д, the penetration, 1s expressed in inches. 

g = electrical conductivity, which with soft iron is about 
110,000, wis the permeability and might be about 500 and N is 
the frequency. 

Consequently, the resistance of such large iron and steel con- 
ductors does not depend upon the actual cross-section, but upon 
the perimeter. It is furthermore proportional to the square 
root of the frequency. 
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DiscussioN ON “LIGHT FROM GASEOUS CONDUCTORS WITHIN 
GLAss TuBES— THE Moore LicuT," AT NEW YORK 
APRIL 26, 1907 


(Subject to final revision for the Transactions.) 


Gano Dunn: While we are waiting for the remainder of 
the tests which are to be made upon the tube and the lamps 
strung around the room, we may as well proceed with the 
discussion. I feel that we have been listening to the exposition 
of a new art. My mind goes back to 1893, 1896, and also to 
1898, the time of the ‘‘Moore Chapel," when the Institute heard 
from Mr. Moore before. In those days what he had to show 
compares with what he shows us this evening as Stevenson’s 
original "Rocket" compares with the modern Atlantic type of 
locomotive. Two years ago on entering the Madison Square 
Garden, I was greatly impressed with the appearance of a 
Moore tube in the lobby, and admitted then that I made a 
mistake in considering the Moore system not a success. I had 
had the impression that it was good only for illuminated signs 
and relatively unimportant work. The Madison Square Garden 
tube was a revelation. 

We should be careful not to estimate the value of the Moore 
system solely by its efficiency. There are radical differences 
in the character of its distribution, its color, and its method of 
operation, from any one of which important advantages may 
spring. For instance, on account of its longitudinal source, 
the intensity of the Moore light does not vary inversely with 
the square of the distance, and from this follows freedom from 
shadows and a certain similarity to daylight. 

The effectiveness of a luminous source should not be measured 
by how much light it emits, but rather by how much light it 
delivers where the light is wanted. A lamp of high intrinsic 
brilliancy, that is, of concentrated source, over-illuminates 
surfaces near it, while it under-illuminates surfaces somewhat 
removed from it. To the under-illuminated surface full credit 
is not given for such illumination as exists, because the eye 
usually rests upon this surface after having rested upon a 
brighter surface or possibly upon the lamp itself. There has 
to be an excess of light on surfaces near the lamp in order to 
bring surfaces away from the lamp up to the desired minimum 
of illumination. The excess illumination being unnecessary, 
is wasted. Worse than this, having fatigued the eye, it renders 
less evident the illumination that does actually exist upon 
the under-illuminated surface. The largely distributed source 
(a tube many feet in length) is what I had in mind when referring 
to lighting by Moore tubes as a new art. Other sources of 
light are not larger in volume than a nutshell. 

We must be ready to see disadvantages 1n Moore's system as 
well as advantages, and I hope both will be clearly brought 
out in the discussion. 
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C. P. Steinmetz: The second part of this paper is extremely 
interesting, and I believe is a valuable addition to the literature 
of producing light by what may be called an improved Geissler 
tube. It is the old Geissler tube in the form of a commercial 
illuminant. If we look back on the history of Mr. Moore's 
work, we find that originally he produced a varying-in-pressure- 
contact, some kind of a flimsy device in a vacuum, and then 
proceeded to operate Geissler tubes at extremely high frequency, 
using motor-generator sets. Here at last we find the light at 
commercial frequencies, and in a commercial installation, taking 
its place as one of the commercial illuminants. 

The paper gives the first actual engineering data of this 
kind of light, the energy, volts, and amperes, and some data 
on efficiency, etc. The author gives comparative data on the 
illumination produced by the Moore tube and the incandescent 
lamp. Later on, comparisons are made between the arc lamp 
and other systems. І am not impressed with the comparati ve 
values given, except that they show that incandescent lamps and 
arc lamps can be installed in such a manner as to get very little 
light from very much power. That fact was known long ago, 
without having special tests made. If the installation of the 
incandescent lamp 15 left to the artistic sense of an architect, 
or to mere accident, such a condition will obtain, but the com- 
parison is not fair. If an unsatisfactory incandescent light 
system, unsatisfactory by reason of poor installation, poor 
type of reflector, etc., is replaced by an intelligently installed 
system, the advantages of the latter will be apparent. I 
have no doubt that if Mr. Moore’s hopes are fulfilled, and in 
future all the plumbing establishments in cities and villages 
and country towns have a department of glass plumbing, and 
if a future illuminating engineer goes around in the country 
towns or villages, he can use the old 3.1 watt incandescent 
lamp and replace very many Moore tubes installed by the local 
plumber and show a vast improvement in efficiency by intel- 
ligently installing with proper reflectors, the old incandescent 
lamp. That does not mean anything: it only means that if the 
old installation of incandescent lamps was made by an illumina- 
ting engineer, he should have his license withdrawn, if such a 
thing existed. 

Some illuminating ећсіепсу measurements are expressed 
in terms of in hefner-feet. I regret the use of the word hefner 
here. In the United States illumination is measured in British 
candles, not in hefner candles. The hefner candle is 0.88 
times the British candle, so ihat the values given in the paper 
have to be multiplied bv 0.88 to bring them to the American 
standard of illumination. Mr. Moore finds an illuminating 
efficiency, mean hefner-foot per watt, of 2.15. One British 
candle as a source of light of one mean spherical candle-power 
gives an illumination of one candle-foot at one foot distance. 
One mean spherical candle-power then gives 47 candle-feet, or 
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12.56 candle-feet, dividing this by 0.88 to reduce it to hefner- 
feet, gives 14.28 hefner-feet per mean spherical candle-power. 
Mr. Moore gets 2.15 mean hefner-feet per watt; reduced to 
mean spherical candle-power, this means that his light consumes 
in the useful illumination 6.64 watts per mean spherical candle- 
power, if one counts only the light which reaches the illuminated 
plane. It means, then, that a very considerable part of the 
light is thrown away, absorbed by the walls, ceilings, etc. I 
do not believe it is an unfair estimate, for such a class of hght, 
to say that 50% of the light is wasted. That is estimating that 
half the flux or light radiated by the tube reaches tĦe plane of 
test. That would give an efficiency of 3.72 watts per candle. 

It is instructive to apply this to:the last column headed 
‘* Incandescent system," and that will bear out what I stated, 
as to what should be done to the illuminating engineer who in- 
stalled these incandescent lamps, which show but 0.39 hefner- 
feet per watt. 

Assuming 4 watts per mean spherical candle-power, which is a 
reasonable value, one should get, for all the useful light in the 
illuminated plane, 3.57 hefner-feet per watt, or eight times as 
much as is given here. It follows that if these were four-watt 
incandescent lamps they would lose seven-eights of the light 
before the light reached the illuminated plane. This explains 
the enormous difference in illumination by these two sources. 

The values given in comparing the Moore tube with the arc 
lamp system, allowing for the Moore light half of the light 
wasted before it reaches the illuminated plane, indicate an 
efficiency of 2.56 watts per mean spherical candle-power, and 
14.8 watts per mean spherical candle-power of the flux of light 
sent by the arc lamps on to the illuminated plane, a ridiculous 
value. It seems probable that the arc lamps were hung without 
reflectors or diffusers anywhere on the ceiling. 

In the photometric tests the most efficient tube gives 1.4 
watts per hefner-foot. That means at right angles to the tube. 


The light in the equator of a linear source is =. {һе ауегаре ог 


mean spherical. Dividing by 0.88, to reduce to our standard of 
light, the British candle, gives 2.5 watts per mean spherical 
candle-power or per lumen, that 1s, per unit flux of light. The 
test of the illumination measurements gave 2.56, and probably 
this is about the efficiency of light production of the Moore tube. 

Leaving out all illuminating questions, and merely considering 
the matter of the flux of light per watt, the next point to con- 
sider, then, would be the distribution of the light. But the 
first and important question always is how much light is got 
from the source of light? The best efficiency of the Moore tube 
seems to be about 2.5 watts per unit flux of light, that is, per lumen. 
This gives about the same efficiency of thetantalum lamp, or not 
very far from the enclosed arc; it is beiter than the carbon fila- 
ment incandescent lamp, but inferior to the tungsten lamp. 


1508 THE MOORE LIGHT [April 26 


The carbon dioxide tube 1s recognized as less efficient, and I 
do not need to refer to it. I desire here, however, to draw at- 
tention to the fact that the efticiency of the Moore tube has 
arrived at that stage where it is now in the range of commercially 
practical efficiencies as an illuminant. It is not any more an 
inefficient illuminant, although it naturally is not of the same 
class in efficiency as the mercury-arc lamp. 

Efficiency of light production is, however, not the only thing 
to consider. The essential question is to make use of the 
light, and that leads to the question of distribution. A useful 
feature i$ the low intrinsic brilliancy which eliminates the 
dazzling and blinding glare, with this new source of light, 
while the tungsten filament, for instance, is rather bad in this 
respect. However, too much importance must not be attributed 
to this feature, because even a point source of light can be 
diffused by diffraction or diffusion, a holophane or frosted globe. 
Light 1s lost by this procedure, but if five hefners per square inch 
is considered as a proper low intrinsic brilliancy, a 32-c-p. tung- 
sten lamp enclosed in a frosted globe three to four inches in 
diameter brings ihe intrinsic brilliancy of the whole globe down 
to five hefners per square inch, probably less, with from 15 to 
20 % loss of efficiency, and still leaves an efficiency far higher 
than that of the Moore light. You can allow in favor of the 
low intrinsic brilliancy from 15 to 20% lesser efficiency, but 
not more, because you can get low intrinsic brilliancy by dif- 
fraction with this loss. 

The last part of the paper is a rather voluminous discussion 
of illuminating engineering matters, which would be very essen- 
tially improved by greatly shortening it, and would then have 
more value by making it more probable that the busy engineer 
would read through it, and there are some features in it which 
ате well worth reading, but they are buried among so many pages 
that life, as a rule, is too short to afford time to go through 
it. I read it, however. 

The author refers to the blinding brilhancy of the mercury 
tube. I have never noticed that. I am using the mercury tube 
exclusively as an artificial illuminant for any work that I may 
have to do. I would not think of using any other source of 
artificial light and find it by far the best. Further, the author 
says: 

The only commercial and. proper method of comparing all sources of 
light 15 on the basis of their ability to produce useful illumination, and 
not by any other basis. 

I should challenge that. This is the ultimate purpose, and 
the customer who makes a contract to light his premises with an 
economical amount of power specifies this; but to the illumina- 
ting engineer who takes the contract to put in the lights, the 
important question 1s what type of light to employ, so as to use 
the least amount of power to produce the best illumination. For 
the illuminating engineer the most important question is what 
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source of light gives the maximum flux of light for a given 
amount of energy, the maximum quantity of light per watt. 
The next question is, whether this source of light is suitable for 
direct distribution, or how much of the light may have to be 
wasted so as to get the proper distribution. The statement 
quoted above rather begs the whole question of illuminating 
engineering. 

The statement is made that photometric tests do not amount 
to anything. That is an old statement, and has been repeated 
very often, but I do not think that anyone will accept the dictum 
that the mean spherical candle-power does not mean anything. 
While with a light source of this kind one cannot speak of mean 
spherical candle-power, one can speak of the total flux of light; 
and it does mean something to determine how much total flux 
of light can be got per watt; indeed, as stated above, it is the 
most important question in the matter of artificial illumination. 

So we must know how many lumens per watt we get, and 
since the lumen is the total flux of light which one candle-power 
gives, it is a convenient substitute to speak of mean spherical 
candle-power; but when we speak of mean spherical candle- 
power with a linear source of light, as the mercury lamp or the 
Moore tube, the mean spherical candle-power means the unit 
of flux of light, or the lumen, and that is independent of the 
shape of the source of light. | 

In regard to the proposed method of comparing lights, by lighting 
a room 40 by 80 feet, for instance, in lighting my housethis would 
not help me much, because my house has no room quite so large. 
Light is used not only to illuminate stores and halls but a 
great deal is used for other purposes. However, if illuminants 
are to be tested in a 40-by 80-ft, room, to find out which illumi- 
nant requires the least energy to give a certain illumination in 
such area, there would be found, first, the mercury lamp, then a 
long interval; then the tungsten lamp, and another long interval; 
and then the Moore light, the tantalum lamp, and the enclosed 
arc, and finally the different other metal-filament incandescent 
lamps and carbon lamps and Nernst lamps, etc. So after all, 
neither the Moore light, nor any incandescent light, has the 
same degree of efficiency as the mercury lamp. 

While criticising the character of the paper, especially the 
first and third parts, one must not forget that the second part 
contains some very valuable and important information. Mr. 
Moore is to be congratulated on the great advances he has 
made in the last few vears, in reaching commercial conditions 
with his light, commercial frequencies, commercial voltages. 
There are some things which have not been especially dwelled 
on, among them the remarkably ingenious valve arrangement 
of feeding air or gases into the tube and maintaining a constant 

vacuum. We must remember that the vacuum in this tube is 


about 0% of atmospheric pressure. To maintain constant such 
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a low pressure, not visible any more in a mercury gauge, and 
maintain that constant within a few per cent.is a very remark- 
able achievement. So while criticising a part of the paper, I do 
not want to convey the impression that I do not admire the 
work which has been done by Mr. Moore. . I recognize that he 
has made enormous steps in advance since we last heard from 
him. I also very much appreciate the very ingenious way of 
feeding these gases into the tubes, and the method of getting 
rid of the oxygen in the air, and feeding nitrogen or carbon 
dioxide. These are remarkable and ingenious devices which can 
only be admired. 

Percy H. Thomas: Mr. Moore, has, I believe, given us a 
very timely and generally satisfactory paper. Іп addition tothe 
general information about and description of his actual appara- 
tus, he has called attention to a number of valuable points. 
For example, a great many people do not realize the value of 
lighting a room from one outlet and doing away with the pen- 
dants and fixtures and small outlets. Not only is a great deal 
of expense saved, but a good deal of fire-risk as well. The elimin- 
ation of the cost of multiple outlets and many units, fuses, cords, 
etc. is one of his largest factors of economy over incandescent 
lamps. "This is an advantage that his system of lighting shares 
in some degree with the Cooper-Hewitt light. 

Mr. Moore has always maintained, and very emphatically, 
that his tube produces artificial daylight, and he apparently 
expects us to assume that there 15 no difference between the 
Moore light and daylight. "This statement should be challenged. 
In the first place daylight gives practically a continuous spectrum. 
Mr. Moore's light comes from gases and must be a banded spec- 
trum, a few colors well distributed over the spectrum, it is true, 
but still unable to give the same effect as a true continuous 
spectrum. How much practical importance this deficiency 
will be found to have can only be determined when a sufficient 
number of commercial installations have had considerably 
extended usc. 

In the second place, the tube does not give a strictly perfect 
diffusion, though at first sight it may seem that this is the fact. 
Illuminated surfaces are plain surfaces and have two dimen- 
sions, but the Moore tube has only one dimension, so to speak. 
The diffusion 1s perfect in one direction and very imperfect in 
the other direction. Place a pencil between a piece of paper 
and the hght, with the pencil parallel to the tube, and there 
results a relativelv dense shadow. Place the pencil crosswise 
and there will be no shadow at all. This shows the failure to 
diffuse across the tube. 

It is even possible with incandescent lamps distributed over 
the ceiling to get a more perfect diffusion than with the Moore 
tube.w The discontinuity added by the use of incandescent 
units in the direction of the length of the tube is not as import- 
ant in disturbing uniform distribution as the large gaps between 
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the tubes in the other direction. Dr. Pupin with his “‘load-coils’’, 
which he used in telephone circuits, found that a few, perhaps 
seven or eight coils per wave length, had nearly the same effect 
as distributed inductance and capacity. 

Furthermore, I cannot agree that daylight necessarily pro- 
duces the best spectrum. This a matter purely of experiment 
and experience. Ifthe eliminating of the red or the violet from 
daylight is found to make an improved light to work by for any 
particular purpose, it is then better to suppress the red or the 
violet rays. I believe for many purposes that this suppression 
is advantageous. 

There are a few more statements that perhaps require chal- 
lenging. Mr. Moore says: 

It is now impossible to state definitely what their final life will be, 
beyond the general statement that some of these tubes have already 
been in operation over 4000 hours without change, and that there are 
good reasons for believing that they should continue to run at least as 
long again, which is a much longer life than any other form of illuminant 
yet invented. 

If he will take pains to inquire, he can find out a great many 
places where commercial tubes of the Cooper-Hewitt type have 
operated for 10,000 hours; in this I am speaking of commercial 
installations. 

He also says: 


It is the blinding brilbancy of the mercury tube that makes even a 
direct glance at it so very harmful to the eye. 

I wish to state here that this statement, the equivalent of 
stating that the mercury vapor lamp is very harmful to the eye, 
is diametrically opposed to my own experience with this type 
of lamp. 

Mr. Moore disposes very summarily of the new types of incan- 
descent lamps, but perhaps they can take care of themselves. 

In regard to Fig. 8 of the paper, Mr. Moore has taken a number 
of stations at different points in a room and determined the 
intensity of illumination at each, and then averaged the results. 
These points are well chosen to determine the intensity of the 
illumination at different locations, but it is not fair to average 
these values as they are taken, to get the average illumination, 
because some of them represent a very much smaller area than 
others. The proper way to obtain such an average is to divide 
the surface into a number of equal units, determine the illumina- 
tion of each unit, and average these. 

Though Mr. Moore's mercury valve for supplying gas regularlv 
is very ingenious, yet I question its reliability if the lamp is 
left unused for a considerable time. Mercury-sealed valves 
while practically tight for a short time are not usually so in- 
definitely; after a while the mercury absorbs a little air on the 
surface exposed to the atmosphere and delivers it by diffusion on 
the vacuum surface. Once the tube leaks suthcient air, by 
being out of commission for a month's time perhaps, 1t would not 
start up again. 
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Some difficulties, I imagine, will be found; for example, the 
great inconvenience of a failure. This room, for instance, is 
entirely dependent on each particular part of the tube; any 
crack or damage done to the tube in any part will put the room 
in darkness. Furthermore, repair 1s not a matter of taking a 
spare tube out of the closet and putting it up. Dependance 
must be placed upon the manufacturer. The organization of 
a well-disciplined “trouble force" can eliminate some ofthe trouble, 
but in many cases it will be found a serious handicap. The 
power-factor seems to be a variable question. If the power- 
factor is made very high it means the elimination to that extent 
of the resistance or inductance backing which absorbs voltage, 
and will allow more variation in the current which might be- 
come a serious factor. Where power is bought from a lighting 
company and paid for by meter, a low power-factor 1s not serious 
because only the drop in the wiring needs consideration; but 
for those who do their own lighting the capacity of the generator 
must be considerably greater for a low power-factor load to get 
a given quantity of energy than with the high power-factor. 
This will be an added charge against the Moore tube in cases 
where the power 15 used largely for supplving these tubes. 

With the whole illumination dependent on one or two or 
three outfits, it 1s impossible to light a small portion of a room 
onlv. In a factory two men who are working in a corner can- 
not light that corner only, but must perhaps use ten or twentv 
times as much energy as otherwise would be required. This 
objection cannot be urged against the Moore tube in all places; 
it simply shows a certain limitation “when the broad field is 
considered. 

Summarizing: it is a little too soon to tell what the commercial 
held of the Moore tube will be; undoubtedly there is a field for 
such a light. 

Its good points are its relatively high efficiency (not the best, 
but relatively good—probably better than most carbon incan- 
descent lamps), its even diffusion, and the fact that it has no 
bright spots and requires verv few outlets. 

Clayton H. Sharp: I think we all greatly admire the persistency 
of purpose and the courage with which Mr. Moore has tackled 
and has kept tackling tor ten or fifteen vears this great problem 
of the production of artificial hght by the incandescence or 
luminescence. of gases. Certainly the goal toward which he 
was striving, and the end which he sought to reach, was a most 
tempting one. We have all heard a great deal about the low 
ethicieney of all of our ordinary illuminants; very few of them ap- 
proach five per cent. luminous etheiency. Some of them 
may reach the value of 106% possibly, but most of them are 
perhaps of only two or three per cent. luminous efficiency. 
It certainly is a very attractive problem, that of producing an 
illuminant working at a luminous ethciency of 90°% instead of 


5C. D think we all regret sincerely that, judging by present 
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indications, in his endeavor to reach this worthy goal Mr. Moore 
has failed. He has, however, succeeded in producing a practical 
illuminant which will undoubtedly find a field for itself in cer- 
tain applicaiions and which has an efficiency that brings it on 
a par with many of the other illuminants of the present day. 

Mr. Moore says that the watts per hefner of the yellow tube 
vary from 1.3to 2.5 watts per hefner-candle; or, in other words, 
from 1.5 to 2.9 watts per candle measured at right angles 
tothetube. The white tube, the carbon dioxide tube, has a lower 
efüciency, but no data are given on the watts per candle of the 
white tube. However, we may arrive at a value by comparing 
the conclusions drawn from two of the illumination tables which 
Mr. Moore gives: we find in this way that the white efficiency 
bears a ratio to the yellow efficiency of 1.5to 2.9, or about 1to 2. 
In other words, the yellow tube is about twice as efficient as the 
white tube. I do not think we can lay much weight on these 
comparisons, since, as Mr. Moore himself has stated, all compari- 
sons of illuminants made by taking illumination values under 
certain specific conditions, are practically valueless as general 
criteria for the illuminants themselves. However, taking this 
comparison, we find that the watts per candle of the white tube 
would range from 3 to 3.8. The yellow tube, according to this, 
shows an increase in efficiency over the carbon-filament lamp, 
but this increase is by no means revolutionary. Оп the other 
hand, its efficiency, according to these data, is considerably less 
than that of the tungsten lamp. Consequently we can say in a 
general way that the Moore light does not represent an essential 
gain as compared with the other illuminants at the present time. 
If, therefore, it is to find a place as a practical illuminant, it 
must show certain other advantages which the illuminants 
with which it competes do not possess. 

What are some of the advantages? It gives a diffused light, 
that is perfectly true; it is a light of low intrinsic brilhancy, it has 
no bright spots to blind the eve; it does away with a certain 
amount of winng in the building. What are some of the dis- 
advantages. I think some of us might say that the color of it 
is not all that it should be; it may be the color of daylight, 
but it is a peculiar kind of daylight; it has the great disadvan- 
tage of not being divisible, we throw a switch and turn on all 
the light into a room; we cannot have a little light here or there, 
as we need it. This point was brought out by Mr. Thomas. 
This indivisibility of the Moore light makesit necessary, it seems 
to me, in all or nearly all of the installations where it is used, to 
supplement it by some other svstem of lighting which has the 
feature of divisibihty. It would hardly do, it seems to me, to 
place all the reliance for the lighting of a room of any import- 
ance whatever on a tube of this kind, for we know something 
about the fragility of glass. I do not think that we can consider 
the tube to be absolutely immune from breakage, and if it breaks 
we are in the sad position of being obliged to call in, not the 
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ordinary plumber, but the glass plumber. The glass plumber 
may be available if we have our installation within a proper 
distance from the factory, but this feature would be a very 
disadvantageous one in any installation which is at a distance 
from these special glass-plumbing facilities. 

Another serious disadvantage, noticed here to-night, is the 
flickering due to the alternating current. "This is an exclusively 
alternating-current lamp at the present time, and when it is 
used on alternating current of a commercial frequency, such 
as this, we notice a very marked flickering on objects moved 
quickly in the light. In cases where the objects have to be. 
handled with rapidity this would be a serious practical disad- 
vantage. In any room where the objects are moved rapidly 
the effect produced could be scarcely called anything less than 
weird; unless it is possible to overcome this disadvantage in 
some practical way, and it is hard to see how this is possible, 
we must mark this down as a serious detriment to this style 
of lighting. 

Another result of the indivisibility of the lighting is its inap- 
plicability to localized lighting. Diffused and distributed light- 
ing such as we have in this hall is excellent for many purposes, 
but we do not want it for all purposes. Where localized hghting 
is desired rather than distributed lighting; the economical illum- 
ination of certain portions of a room rather than uniform 
illumination of the whole room; we must use something which 
is capable of division, and the Moore tube would appear to be 
ruled out in such cases. 

Let me say one word regarding illuminometer compari- 
sons of various illuminants. This method is undoubtedly 
excellent for many purposes. If we have a certain room 
that we wish to illuminate, and if we could carry out 
iluminometer tests with the various kinds of lighting 
apphances that are available, we could determine the 
best system for lighting that room, but unfortunately re- 
search of this kind 1s something which cannot be carried out 
except under very special conditions. Ordinarily the matter 
of illuminating a certain space has to be given into the hands 
of an illuminating engineer who must work with such data as 
are available, and from the results of experience he has had 
in similar installations, to choose the kind of 1lluminant he con- 
siders best for the purpose and install it to the best advantage 
he knows how. As Mr. Moore said, comparisons of illumina- 
tions made under certain specific conditions are generally worth- 
less for the purpose of generalization. We need to be able to 
generalize. We should know how much light a certain source 
will emit with a given amount of energy. In order to do this 
we have to study the source itself and determine its total flux of 
light per watt. This does not mean a test of the illumination 
in a certain specified room, 40 by 80 feet, but a study of the 
source of Пећ itself. Without wishing co depreciate the value 
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of illumination tests—for illumination tests I thoroughly believe 
in—I do not think we could accept the general validity of results 
that would be obtained under certain specific conditions, in 
showing the availability or non-availability of all sources of 
light. In that connection I wish also to raise my voice in de- 
precation of the term '' watts per hefner ” and “ hefner-foot ". Itis 
bad enough to have the '' candle-foot ", because the candle-foot 
ought to mean the product of the candle-power by the feet, but 
it does not mean that. When we lug in an extraneous unit of 
light which is represented by a most excellent standard of light; 
namely, the Hefner Alteneck amyl acetate lamp, but which is 
not practically recognized as a unit in this country, we are going. 
far astray and getting badly mixed up in our units of measure- 
ments. If Mr. Moore had used the hefner-metre in measuring 
the illumination I should have less quarrel with him because 
the metre and the hefner go together. The hefner knows noth- 
ing about the foot, and the foot does not know much about the 
hefner. 

Another statement should be challenged, and that is that 
the average watts per candle of incandescent lights used in the 
city of New York is in the neighborhood of five. By a compar- 
ison such as one can make from a casual investigation of incan- 
descent lighting in New York and London, I am inclined to think 
that perhaps the figure of five watts per candle might apply to 
the lighting in London, but I do not think that it applies to 
New York conditions. | 

John W. Howell: I am not going to say anything about 
incandescent lights. It has been my pleasure to know Mr. 
Moore and to know his work during the entire 12 years he has 
been working on this vacuum tube. At first he showed us a 
small Geissler tube, and for a long time afterward it was a simple 
Geissler tube, and when everybody thought that Mr. Moore 
was chasing rainbows he stuck to his work with a persistence, 
courage, and enthusiasm which I have never seen equalled. 
The light which we see to-night is a development from the 
Geissler tube, and it has been accomplished only by this most 
persistent work, the progress having been made little by little, 
step by step, never any very long steps until quite lately. Не 
has at last produced a commercial result. As he says, he has 
added а commercial illuminant to those which the electrical 
engineer has at his disposal, and one which has a good many 
uses in which it excels others. 

There may be things in Mr. Moore's paper to criticise. I 
could criticise some things which have not been alluded to 
yet, but I have no mind to do it. My only wish is to congratu- 
late Mr. Moore on his work. 

Among the uses to which Mr. Moore applies his light the first 
he names is art galleries. My friend, Dr. Berliner, has just 
remarked to me that there are many art galleries in Europe 
which are open only during daylight hours because there is no 
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illuminant safe enough to be trusted in those galleries. I 
think this light would be admirable for such work, because there 
is no possible danger, except possibly in installing it. If this 
light could be once installed, the public could have the use of 
the galleries for much longer hours and with perfect safety. 

Leon Gaster: The researches made in obtaining light from 
gaseous conductors within glass tubes form a decided advance 
in the conversion of electric energy into light. Bearing in mind 
however, the progress recently made with the manufacture of 
incandescent lamps by the use of metal filaments like tantalum 
osmium, tungsten, zirconium, titanium, etc., or alloys of those 
metals, with some of which efficiencies are now obtained of about 
one watt per candle, the practical application of gaseous conduc- 
torsis somewhat reduced. The great advantage claimed of obtain- 
ing properly diffused illumination by the use of the Moore 
vacuum tube system, can now, to a very large extent, be ob- 
tained by the use of the more modern lamps, in combination 
with proper shades, globes, and reflectors, and by a judicious 
distribution of the lamps. There is no doubt that a vast field 
still remains open for the application of this gaseous tube 
method of illumination. 

Will Mr. Moore kindly say whether he has had an opportunity of 
studying the effectthe pink, yellow, etc., colors have upon the eyes, 
because for the present there seems to be a great difference of 
opinion as to what the ultimate effect upon sight will be, by 
the permanent use of such illuminants as the Moore or Cooper- 
Hewitt types. I should venture to suggest that the illumi- 
nating engineers should conveniently have such an investigation 
carried out, contributing thereby to settle the prejudices and 
objections which are raised against the use of such types of il- 
luminants. Factsand data gathered from unbiased investigators 
would form a valuable guide to those who have to advise in these 
important matters. 

Gano Dunn: I am in sympathy with what Mr. Howell has 
said about the work of Mr. Moore. It is an example of persis- 
tence that has seldom been exhibited before. We have known 
Mr. Moore as harping on his light for so many years that he has 
become a symbol of the persistent inventor. Iam not forgetting 
to-night, as we are taking the easy course of looking backward 
upon his work, how very different the forward look was during 
all the years when we longed forthe day when we should have cold 
light. I was Tesla's assistant at the famous lecture he delivered 
on cold light at extremely high frequencies; I know of other 
work in that direction that has failed before and since; I know 
how we all dreamed of the day when the secret of the fire-fly 
should be revealed and we should have sticks of cold light where- 
ever we wanted them. Those sticks of cold light we actually 
see around us in this room. They represent the accomplish- 
ment of an ideal the engineering and scientific world has long 
been struggling for. 
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I venture to comment on that criticism of Mr. Moore's paper, 
advocating photometric efficiency measurements as the only 
proper comparison of illuminants, by saying that we have a 
right to take a practical view. Here we are sitting in a room 
with three alternative systems of illumination at command. 
Readings which I was permitted to observe just before the 
meeting, show that when the illumination comes from the ordi- 
nary source of lights behind the cove, 10 kilowatts of electrical 
energy are required. When the illumination comes from the 
naked lights strung around the border, five kilowatts are re- 
quired, and when the illumination comes from the tube, four 
kilowatts. It is obvious to every one of the two hundred 
members present that the tube consumes less energy and gives 
a brighter light than either of the other sources. This is a 
practical fact that no discussion of photometry or brilliancy 
or efficiency can do away with, and we should give Mr. Moore 
credit for having accomplished it. 

D. McFarlan Moore: I am asked how much gas enters the 
tube and how often it has to be replenished. The paper states 
that some tubes have already run about 18 months, correspond- 
ing to about 4000 hours, without replenishing. The paper states 
also that any tube can be replenished, that is, the phosphorous 
bottle can be replenished, at a neglible cost, so that this tube 
light is unlike other lights to the extent that the life of the tube 
itself is practically unlimited because it does not blacken. I 
am asked what vacuum gauge I referred to. Itisa new vacuum 
gauge, which I developed for this particular work. I did not 
go into a description of it because the paper 15 long enough and 
I wish to reserve that together with a number of other subjects 
for future papers. I am aiso asked why does not the air enter 
the tube when the light is out. Mr. Thomas referred to this 
matter and doubted the ability of a mercury seal to hold the 
vacuum indefinitely. I knowof a number of cases where mercury 
seals have held perfectly for years. Besides such a valve can 
be fixed very easily in case there should be any leakage. 

Practically all Mr. Steinmetz’ criticisms will be found to be 
answered in the paper. There is one thing that will not be found 
in the paper and that is a criticism of the illuminating engineers 
who installed the other systems of lighting which were compared 
with the tube; in fact they need to be commended, not condem- 
ned. The highest talent in the country was procured for the 
lighting of this splendid hall and the incandescent lighting is 
done well in all respects. The same can be said in reference to 
the arc lamps that were compared with the tube. The paper 
shows the location of these arc lamps, and I am sure that the 
majority of illuminating engineers would agree that it would 
be a very difficult problem to locate these arc lamps in any 
more desirable or advantageous positions than they were lo- 
cated in, in the basement where they were supplanted by the 
tubes. So with the location of the incandescent lamps in the 
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lobby of the well-known theater, which is one of the tests referred 
to. "These lamps are installed in the regular orthodox fashion; 
that is, in long rows. Fig. 8 shows that they are located in the 
best possible manner. The solution of the diffusion problem, 
when using the incandescent lamp system, is to place them 
as we have them in this room; viz. 92 separate machines 
in a row to accomplish a certain result which can now be better 
obtained by one machine, a plain simple tube. 

This system of lighting undeniably differs radically from all of 
the old style systems. It is self-evident that the light diffused 
from such a large tube more nearly imitates daylight than any 
illumination that could possibly be obtained from any intense- 
point source. “I maintain that man cannot do better than try 
to imitate daylight. No form of light will probably imitate it 
absoluely, but it should be our endeavor to imitate it as closely 
as we possibly can. Fortunately, it so happens that simple 
carbon dioxide comes closer to an exact imitation of average 
davhght color values when used in a vacuum tube than any other 
form of light. Its superior color values place it in a class by 
itself. The most delicate shades of colors have been matched 
under the tube when it 1s producing the pure white light due to 
CO, You will note that the 16-ft. tube on the platform which 
early in the evening gave a 30 hefner per foot light when using 
nitrogen 1s gradually changing to a pure white light because it 
is now adjusted to feed itself co, The tube lighting this 
room is being feed with nitrogen and therefore a yellow light 
results which is the color that gives the greatest efficiency. 
According to the laws of nature, about twice as much energy is 
required to develop the necessary wave lengths for a white light, 
that is, to produce a spectrum that closely corresponds with 
daylight, than is required for yellow light which has a maximum 
effect upon the human eye. 

The length of life of the tube has been referred to. I said 
that 8000 hours would be longer than any other form of illumi- 
nant—I refer tothoroughly commercial forms of illuminants—and 
then also assumed the illuminant to be still in perfect condition 
at the end of the test. It is true that some mercury tubes have 
had a long life, but at anything hke the end of an 8000-hour 
run a mercury tube is far from clean. This tube will remain 
at the same degree of transparency for an indefinite period of 
time, and therefore the maintenance cost for long tube lighting 
is exceedingly low. My statement about the brilliancy of the 
mercury light was carefully made. I said a direct glance at the 
mercury tube. Judging from personal experience, I again 
state that the mercury tube 1s harmful to the eye if one looks 
directly at it. Mercury tubes seem to be efficient in terms of 
watts per candle-power but a number of them could not light 
this room as efliciently as this long tube does, to say nothing 
of the mercury tubes prohibitive color. The matter of breakage 
has also been mentioned. In all matters of engineering it is 
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well to have duplicate units, and therefore large areas are now 
provided for by equipping them with a number of tubes so that 
the absence of lights from one tube will be comparable to the 
going out of an arc lamp or several arc lamps. Such large 
areas as department stores, for example, can now be perfectly 
hghted without an inch of wire within their walls. 

Fears were expressed that these tubes could not withstand 
temperature changes without serious difficulties arising due 
to expansion and contraction of the glass, but practice has 
proved such trouble to be practically nil and therefore this 
system is applicable to street lighting. A continuous line of 
tubing can extend directly above the curb or be supported from 
the buildings to illuminate the show windows, sidewalks, and 
streets with a perfectly distributed light. 

The best answer to the discussion on power-factors is to state 
the cold fact that this tube is now operating at this moment 
at a 75% power factor. Dr. Sharp and Mr. Steinmetz referred 
to the matter of efficiency and also spoke of the spherical candle- 
power of the tube. The curves in the paper show the watts 
per hefner obtained by horizontal measurement of a portion 
of the tube. I prefer the hefner after having had years of prac- 
tical experience in trying to use other so-called standards of light. 
A committee of this Institute after a thorough invesiigation has 
recommended the hefner lamp. So far as divisibility is con- 
cerned, that is, having lights in small units, much can be said, 
but I will simply refer you to Fig. 15. 

The images of moving objects have been referred to. It is 
true that a higher frequency is advantageous to a tube of this 
kind. For a number of years I investigated various methods 
for overcoming these images; I succeeded to a great extent, but 
found when I put the tubes on the market that the images were 
not an important factor at all. Of the two miles of tubing in use 
to-night there has not been a single practical commercial objec- 
tion raised on this question. In this connection it should be 
noted that all who have actually worked under the light speak 
of its softness and the absence of any eye-strain whatever. 
Even in machine shops, where it was anticipated the movement 
of the lathes would be important, turned out to be negligible. 
On frequencies higher than 60 cycles per minute this trouble dis- 
appears entirely, at least so far as the average eye 1s concerned. 

In reference to the tests proposed in a room 40 by 80 ft., I 
still most decidedly believe that such a method is the only 
practical solution of the problem of obtaining true commercial 
relative values of the various forms of light. Į said that local 
conditions must be stated in every test of this kind, but of 
course Ї am assuming the local conditions to remain constant 
for any series of tests on different lights. This room, for ex- 
ample, has а neutral color and uniform fittings, and therefore 
each light would have a fair opportunity to do its best if the 
tests were made as directed in the paper. I believe it is the 
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duty of all electrical organizations to aid in every way possible 
to standardize all forms of light, and I do not think this can be 
accomplished until a room such as I have described has been 
equipped, and I believe in the interest of science such a room 
should be established at some convenient place. 

The following data were obtained by comparative illumina- 
tion tests made in this assembly room of the Engineer's Building 
this afternoon between the Moore tube lighting system and the 
regularly installed concealed incandescent lamp system and the 
temporary rectangle formed by rows of exposed incandescent 
lamps which is the same size as the rectangle formed by the 
Moore tube. 


Fic. 1— Assembly room No 2, Engineers’ Building, illuminated by the 
Moore tube light 


In these tests a portable illuminometer was used to measure 
the intensity of the illumination in hefner-feet at nine stations 
and at a uniform height of 35 in. from the floor. 

The Moore tube 1s made of clear glass and is located as shown 
in Fig. 1. It is 176 ft. long and forms a rectangle 62.5 by 25.5 
ft. Itis 1.75 1n. in diameter and 15 not provided with a reflec- 
tor of any kind. This tube is automatically feeding itself 
nitrogen, therefore the color of its light is about. the same as 
that of incandescent lamps. Horizontal photometric tests on 
a portion of the tube 0.5 in. long showed the tube to require 
1.6 watts per hefner from the 60-cycle street mains. It was 
operating at 14.8 hefners per foot, or a total of 2600 hefners. 
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The tube having only been recently installed has run only some 
25 hours and has not reached its finalefficiency, which will be 
1.4 watts per hefner after about a 50-hour run and thereafter 
it will maintain this efficiency indefinitely. 

The concealed incandescent lamp system. The tubular 8-c-p. 
119-volt incandescent lamps are located behind the cove as 
shown by the detailed drawing of Fig. 1. A two-way socket 
is located every 16 in. therefore 288 lamps are in use. Immedi- 
ately behind each lamp there isa reflector. The lamps and entire 
equipment is new, having only been used a very few hours. 
Equally spaced on the longitudinal center line of the ceiling 
of the room are located 3 incandescent clusiers which are con- 
cealed by opalescent reflectors each containing 6 lamps of 25 
candle-power. 

The exposed incandescent lamp system. The temporary 
circuit of incandescent lamps is installed to parallel the tube 
throughout its length. It is therefore located close to the tube, 
between the tube and the edge of the cove so that all of the 
lamps are exposed and not shielded in any way. They are all 
new 3.5-watt 117-volt incandescent lamps. They are [spaced 
24 in. apart, and therefore 90 are in use. Each lamp is in a 
vertical position. 


MEASUREMENTS OF ILLUMINATION, 
Engineers’ Building, Assembly Room No. 2. 
Hefner-feet. 


Moore Concealed Exposed 
Station tube incandescent | incandescent 

system system | system 
4.72 1.72 2.07 
di. 2: 3.67 2.83 2.37 
3... 2.90 1.90 | 2.31 
4... 2.83 2.40 1.89 
5... 3.14 | 1.98 | 2.07 
6... 3.83 1.83 2.31 
7... 4.40 1.61 3.85 
8.. 3.66 1.90 2.47 
9.. 4.90 1.77 2.37 
Mean illumination. аР 3.68 1.99 2.48 

(Average Heiner: feet) 
Power-factor.. Те 75% 1 1 
Area square feei. TOES 1930. | 1930. 1930. 
Waite per Square fects: КОЛОНСО 2.15 5.31 2.62 
Volts. .... CEST 225. 118. | 119. 
Атрегез....................... 24.5 86.4 42.4 
Watts Votal. TE Mm 4150. 10250. 5050. 
lluminating efficiency. pup 
Mean hefner-foot | | 

g— 1.71 0.375 | 0.95 
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CONCLUSION 


1. That the Moore tube lighting system has 4.6 times the 
illuminating efficiency of the concealed incandescent lamp 
system as installed under these local conditions. The Moore 
tube produces 85% more useful illumination, yet requires 
60% less wattage than the incandescent lamp system. This 
test emphasizes the inefficiency of concealed lighting, and in 
many cases where the light of incandescent lamps is used to 
penetrate opalescent skylights an exposed tube can produce an 
equivalent effect for about one-tenth the power. 

2. That the tube produces 57% more useful illumination, yet 
requires 1805 less wattage. Under average commercial con- 
ditions this tube would have shown its superiority over exposed 
incandescent lamps on the basis of 2 to 1. It was noted that 
the intrinsic brilliancy of the exposed incandescent lamps was 
too great, but not so that of the tube. 

The following tables show the results'of the tests that have 
been made this evening, while this meeting has been in progress. 
The illumination readings for each of the three systems have 
been taken at stations Nos. 2, 3 and 4, Figs. 1 and 2. 

For convenience in comparison, a table of the readings on the 
same three stations 15 abstracted from the complete test made 
this afternoon. 


MEASUREMENTS OF ILLUMINATION. 


Engineers’ Building Assembly Room No, 2. 


Tests made previous to meeting. Hefner-feet. 
Moore Concealed Exposed 
Station tube incandescent incandescent 
system system system 
| | 
2.7. 3.67 2.83 2.37 
He 2.90 1.90 2.31 
. PA 2.83 2.40 1.89 
Dua 
o. 
rj 
Pv елда pe vnu mince Sack. NN e iuto iv Ie) 
Mean illumination. ............. 3.13 2.38 2.19 
( Average hefner-feet ) | 
Power. iatt: ое еъ Y aba 75% 100% 100% 
Area square feet. ......... sues. 1930. 1930. | 1930. 
Watts per square feet........... 2.15 5.31 2.62 
ТАА УИНН АҺ АЙЫК 225. 118. | 119. 
аро ПРОРИЧЕ 24.5 86.4 42.4 
WH MULE TOU, iex dex AS илә oe Oe 4150. 10250, 5050. 


Illuminating efficiency.......... 1.45 ‚45 „84 
/ Mean hefner-foot ` 


\ Watts per square Foot ) 
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MEASUREMENTS OF ILLUMINATIONS. 
Engineers’ Building, Assembly Room No. 2. 
Tests during meeting. Hefner-feet. 
Moore Concealed Exposed 
| tube incandescent incandescent 

Station system system. | system. 
1.. 
2. 3.2 2.7 1.44 
3.. 2.72 3 7 1.11 
4.. 2.33 $4.8 2 
Dos 
6.. 
4. 
$.. 
9.. | 
Mean illumination . ER 2.75 2.97 1.25 

(Average ether: (cet. ) 

Power-factor. . А 72% 1 1 
Area square feet. .... OO 1930. 1930. 193 . 
Watts per square feet. ........... 1.97 5.61 2.41 
Мо]{5.......................... 228. 119. 117. 
Amperes. . ate wat etd uec 23. 91. 40.6 
Watts total. volte m d 3800. 10840 4650. 
Illuminating efficiency.. dou E 1.4 0.52 U.52 


Mean hefner- oot 
Watts per square foo: J 


It will be noted that the “illuminating efficiencies" agree 
closely with this afternoon’s test of the tube system and the 
concealed incandescent system. The exposed incandescent 
system is, however, 61%, lower because in this afternoon’s test 
the volts were higher than the rated voltage of the lamps. This 
serves to illustrate forcibly a well known characteristic of the 
incandescent lamp; that is, their rapid falling off in efficiency 
with a drop of voltage, for it will be noticed in the first test 
the volts were 119 as against 117 in the second. The latter 
being the rated voltage of the lamps, represents the true efti- 
ciency based on these three stations. Moreover, since the same 
ratio would hold for all stations, the illuminating efficiency 
0.95 given in the complete test should be 0.6, which would 
make the tube system about three times more efficient than the 
exposed incandescent system in this particular case, and after 
the end of 50 hours’ run when the tube will have an efficiency 
of 1.4 watts per hefner the ratio will be 1 to 3.4. Finally, after 
500 hours run, when the average efficiency of the incandescents 
will be about 4.5 watts per hefner, the tube would show an 
iluminating efficiency over four times that of the exposed 
incandescent lamps. 

It will also be noted that neither a similar change in the tube 
voltage nor a considerable change in the tube watts due to 
adjustment of the gas valve has materially altered its illumina- 
ting efficiency. 
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The complete test covers symmetrically one quarter of the 
room, which is also symmetrical, and therefore represents ac- 
curately the average illumination of each system. Therefore a 
room of this kind can be lighted by the Moore tube for one- 
fourth the cost at which it can be done by incandescent lamps. 
Similar comparative tests with all other commercial lights will 
prove the long tube the most desirable. However, there is no 
cause for alarm, because the adoption of the tube must be 
gradual and the commercial field 15 so great that there is plenty 
of room for all forms of illuminants, each of which will continue 
to occupy its own particular field. The efficiency race between 
gas and electricity has alwavs been keen, but I believe the tube 
has placed electricity in the lead once more. 

Reference has been made to art galleries. I will merelv add 
that in order to grasp the spirit of a painting it should always 
be viewed under the same quality of light it was executed under; 
namely, daylight. Therefore, the picture should be viewed in 
the closest imitation of davlight possible and this can be done by 
using plain carbon dioxide in a vacuum tube. 

Mr. Gaster referred to the color problem, and asked as its 
effect on the human eve. The paper answers that question. 
The light that comes nearest to the natural light is the one that 
is best. The nearer we approach to daylight the further away 
we shall be from doing injury tothe eve. There are three factors 
of importance in connection with injury io the eye so far as 
light is concerned: color, intensity, and = steadiness. The 
object should be to репетахе a light at such a low intensity that 
it can be used in iis intiaiive condition and final condition; 
that is, without the need of shades, etc. The incandescent 
lamps or any of ihe point sources of light need shades either to 
soften the light or to reflect it, or diffuse it or tone down its 
color. With the tube method we can decide before we make 
the lamp just what color we need and obtain it by using the 
proper gases. I wish to refer to a remark I first made about 
10 years ago, namelv, that I beheve the most 1mportant scien- 
tific advances of the near future would in one way or another 
be connected with the vacuum tube. The theory and facts I 
have presented to-night will, I think, sustain this contention. 

Clayton H. Sharp (by letter): In considering the color of the 
tube with which this hall is lighted, attention should be called to a 
well marked phenomenon, which doubtless all of you have 
noticed and which to mv mind is very significant. We have 
seen that when the incandescent lamps are turned on after the 
Moore light has been in use for so long a time that we no longer 
find its color particularly strange —the incandescent lights 
have a very decidedly greenish hue. Their light looks very 
much like that from an old style incandescent gas mantle when 
the latter is viewed in comparison with an incandescent lamp. 
Now we know from actual spectro-photometric measurements 
that the old style incandescent gas mantle does contain an 
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excess of green їп its spectrum, and we know also that this is 
most distinctly not the case with the light from an incandescent 
lamp. The spectrum of the latter light is continuous and 
approximates very closely to the spectrum of an absolutely 
black body; that is to say, all colors are emitted with equal 
facility. How then do we account for the fact that this light 
looks greenish when viewed by eyes which have grown accus- 
tomed to the color of the Moore tube? It seems to me that the 
explanation is to be sought by a consideration of some of the 
simple facts of physiological optics. The green sensation which 
we get on looking at the light of the incandescent lamp is a 
color contrast effect. It 1s produced by the influence on the eve 
of long exposure to a light which contains an excess of red. 
In other words, the continuous exposure to the excessive red of 
the Moore tube causes a temporary red blindness due to retinal 
fatigue. Under these circumstances any light containing a 
normal amount of all the colors will necessarily appear strongly 
tinged with green. It should be noted, therefore, that the green 
which 1s seen is not actually in the incandescent light itself, but 
is a subjective phenomenon induced by the unnatural color of the 
vacuum tube light. This state of affairs opens up at once a wide 
field for speculation and experiment on the possibility of more 
permanent and perhaps harmful effects being produced upon 
the eye if the Moore tube were used habitually as an artificial 
illuminant. The advocates of the mercury-vapor light claim 
that a greenish-hue light is best forthe eves as far as fatigue 
is concerned, and that red is harmful. If this claim is founded 
on fact, the light from this Moore tube must suffer greatly 
by comparison with the light from the mercury-vapor tube. 
But is this claim well founded? Do we know what hue a light 
must have in order to make it best for the eyes? We have 
frequently had expressions of individual opinions on these 
matters, but as far as I know no thorough-going investigation 
of our variously colored sources of light to determine what hue 
a light should possess to enable work to be done by it with the 
minimum of fatigue has ever been carried out and published 
in such a way as to furnish practical engineering data on this 
most important subject. With the widely ranging hues which 
the illuminants of the present day exhibit, this problem has 
a significance which was absent fifteen years ago, when parti- 
colored illuminants were unknown, and it seems to me that the 
time has come when it ought to be attacked by illuminating 
engineers and by oculists working in coóperation with each 
other. 

R. A. Fessenden (by letter): A member of the Institute has 
good reason to be proud of the achievements of his fellow 
members in considering the history of electric lighting. At the 
beginning we have the incandescent lamp of Edison and the 
arc lamps of Thomson and Brush; at the present time it is to 
members of this Institute that the world is indebted for the 
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most efficient developments in the four great classes of electrical 
illuminating devices. These are: 

l. The point incandescence source, represented by the helion 
lamp of Messrs. W. G. Clark and H. C. Parker. 

2. The point arc source тереен геп by the magnetite lamp 
of Doctor Steinmetz. 

3. The tube vapor source represented by the Cooper-Hewiit 
mercury lamp. 

4. The tube gas source represented by the Moore lamp. 

It 1s always unsafe to put a limit to developments in anv 
particular line, but I am inclined to the opinion that these four 
types wil not be greatly improved upon and will remain the 
standard methods of illumination until they are supplanted by 
some purely chemical means as suggested by Professor Elihu 
Thomson. This is not likely, however, for a good many years. 

The various other types of lamps such as the tantalum, osram, 
osmium, tungsten, graphitized filament, calcium arc, Nernst 
lamp, etc., must I think all be considered as transition apparatus. 

The labor and energy spent in devising these types of lamps 
is not, however, wasted. The development of the metatlic- 
filament lamps, for example, has placed within our hands new 
methods of obtaining the rarer metals in workable form, and, 
as in the case of tantalum and osmium, has furnished us with 
new materials which are bound, sooner or later, to be of use in 
other lines. 

It will be noted that the efficiency of all these types of lamps is 
in the neighborhood of one watt per candle, and I am inclined 
to think that by no method in which the light 1s produced by 
electricity will this efficiency be much exceeded, except possibly 
from a monochromatic source. 

Mr. Moore's paper must be considered definitely to mark the 
beginning of a new era in electric lighting. Now for the first 
time we have a source of electric hght which 1s not intrinsically 
brilliant and does not need to be shaded or diffused. Also for 
the first time a uniformly distributed illumination can efficiently 
be obtained. 

Some doubts have been expressed as to the accuracy of Mr. 
Moore’s measurements, but the objections are based upon lack 
of knowledge of the elementary principles of photometry. It is 
too self-evident to require argument that a much higher uniform 
intensity of illumination will be obtained with the same amount 
of energy from a distributed source than from a localized one. 

With reference to the efficiency of the Moore lamp, this agrees 
almost exactly with some measurements made by me and 
published in 1901* 


Of vacuum tube lamps, manv have been suggested. It must be 
nearly thirty vears ago that the first attempt was made to light a mine 
with vacuum tubes and induction coils. Since then we have had many 
tvres, as. fer exomole. Crookes cathede hombardmert lam», and ctkers 

~ *"Light without Heat,” Electrical World and Engineer, January 5th, 
1901: 
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which, surrounded by a cloud of non-luminous verbosity, have not done 
much actual illuminating. The only approach to success, of which the 
writer is aware, is the admirable work of Macfarlan Moore. I know of no 
reason why his lamp should not ultimately prove a success for certain 
classes of work, where very long tubes and high potentials are not ob- 
jectionable. In 1890 I made measurements on the efficiency of vacuum 
tube illumination, by passing the current a certain time, measuring the 
candle power of the tube, due to the light from the pas, and then drop- 
ping the whole tube into the water. (I was fonder of glass blowing then 
than I am now.) From the energy put in, (for an ammeter I used a hot 
wire voltmeter, with silver instead of platinum; this is a good instru- 
ment for such work) the heating of the water, and the candle power, the 
efficiency was determined. It came out quite high, slightly less than 1 watt 
per candle power. Most of the loss was found to be in the heating of the 
anode and cathode, and this it was attempted to overcome in two wavs. 
First by lengthening the tube, which gave good results, though not com- 
mercial, and secondly by making the gas itself the secondary of a trans- 
former. This failed because of too great hysteresis loss in the iron, 
though one type was not so unpromising. 

Some question has been raised as to the commercial future 
of the Moore lamp. I do not agree with those who hold that its 
use will be a limited one. While the introduction of any new 
system 15 always more or less slow, I believe that in the not far 
future the greater part of the interior light load of city stations 
wil consist of Moore lamps. The construction of the Moore 
lamp is especially suited for the coming types of concrete build- 
ing architecture, and were I an architect I should not consider 
the lighting of any public hall or lodge room by any other 
means than a Moore lamp. While it would not pay to alter the 
present method of lighting the auditorium of the Engineers’ 
Building, I would suggest that it might be worth while ascer- 
taining whether the Moore light could not be advantageously 
used in lighting the library and some of the halls of the building. 

At the same time that we admire the results obtained and the 
ingenious means by which they are accomplished, we can not 
help but extend our admiration to the pluck and perseverance 
with which Mr. Moore and those associated with him have 
worked on in the face of apparently insurmountable difficulties 
until they have now finally reached I believe the point of com- 
mercial success. lt has sometimes occurred to me that much 
more courage is sometimes shown in financial undertakings than 
in actual warfare. i 
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DiscussioN ON '" MOTOR-GENERATORS US. SYNCHRONOUS CoN- 
VERTERS, WITH SPECIAL REFERENCE TO OPERATION ON 
LONG-DISTANCE TRANSMISSION LINES.” AT NEW YORK, 
MancH 22, 1907 

(Subject to final revision for the Transactions.) 


А. H. Armstrong: In regard to the use of motor-generators 
or synchronous converters, the question seems to me to be one 
of voltage regulation. The requirements of a railway system fed 
from a general transmission svstem are best met as to first cost 
and efüciencv of operation bv the adoption of the synchronous 
converter, and its almost universal use in railway installations 
would seem to leave no room for argument. The requirements 
of a direct-current lighting load can also be best met by the adop- 
tion of the svnchronous converter, provided the distribution 
system is used for lighting only. Where, however, the distribu- 
tion system supplies a mixed lighting and railway load (ог any 
other load occasioning extreme fluctuations) the lighting system 
should be fed through motor-generator sets in order to smooth 
out the effect of unavoidable voltage fluctuations. Taking this 
broad view of the situation, there is a well-defined field for 
both synchronous converters and motor-generator sets, the 
question of voltage regulation determining the choice of either 
{уре of apparatus. 

W. L. Waters: The rehability of operation of these differ- 
ent classes of machines is mainly a question of the care they 
get 1n operation. The induction motor is the only one that 
presents anv disadvantages as regards actual construction of the 
machines. The small clearance between the rotor and stator 
with which these machines operate makes them more liable to 
mechanical troubles, апа the small slots which 1t is necessary 
to use in the stator make it more dimcult to make a satisfactory 
job of a high-voltage winding. 

On the question of flashing over, the synchronous converter is 
decidedly more sensitive than the direct-current generator. The 
fact that the alternating- and direct-current sides of the conver- 
ter are so intimately connected, combined with the fact 
that there is no armature reaction in such a machine to limit 
the current on short-circuit, make 11 peculiarly sensitive to. sud- 
den fluctuations on one of the circuits. For carrying overloads, 
the converter 1s superior to the direct-current generator, but it 
will not. stand short-circuits or violent fluctuations on either 
circuit so well. 

If voltage regulation is of importance, it 15 practically 
impossible to use a synchronous converter. With a svnchron- 
ous converter we are dependent for voltage regulation 
upon the voltage supplied on the alternating-current side. 
If the svnehronous converter is the only machine on that 
particular line, then bv introducing artificial self-induc- 
tion into the line and putting a series winding on the mag- 
nets of the converter, we can compound the line and so 
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to a certain extent. make the voltage change automatically 
with the load; but this means varying the power-factor of the 
converter and of the system within quite wide limits, and also 
that this change of voltage on the line affects all other apparatus 
on that line. The only other way of adjusting the voltage de- 
livered by a converter is by introducing some sort of an alterna- 
ting- or direct-current voltage regulator or booster, which of 
course means extra complication, extra cost, and lower efüciency. 
= As regards corrective effect for power-factor, this can prac- 
tically be obtained only by the use of asynchronous motor-genera- 
tor. On account of its low power-factor, an induction motor 
is very undesirable at the end of a transmission line and would 
not usually be considered unless it were possible to correct this 
low power-factor by introducing a leading current into the line. 
This can only be done practically by means of a synchronous 
motor. A synchronous converter can be made to introduce 
a leading current into the line, but this would mean varying 
the direct-current voltage and power-factor of the machine. 

In using a motor-generator at the end of a long transmission 
line, it would undoubtedly be necessary to employ transformers 
for lowering the voltage before delivering it to the synchronous 
motor. In this case the synchronous converter has a consider- 
able advantage in regard to eificiency. The value of this dif- 
ference in efficiency has to be decided in each case by the cost 
of producing the extra kilowatt-hours. In a steam plant where 
the cost of fuel is high, this may be quite important, but as 
most long-distance transmission lines are operated from water 
power the cost of producing the extra kilowatt-hours 15 quite 
small. Practically, the only bad effect of the lower efficiency 15 
that it reduces the capacity of the power-house machinery 
somewhat. 

The relative cost depends a good deal on the particular 
machine that we are considering. If we consider а 1500-kw., 
275-volt, 25-cycle machine, the svnchronous converter would 
run at about 187 rev. per min., as this machine could 
not very well be built with less than 16 poles, while the 
motor-generator set could, by using an interpolar design, be 
built to operate at a speed of 300 rev. per min. or even higher. 
In this case there would be practically no difference between : 
the cost of a synchronous converter and that of а synchronous 
motor-generator set. The introduction of interpolar designs in 
large direct-current work makes the direct-current generator 
the equal, if not the superior,of the svnchronous converter, at 
the same time it 1s not subjectto the limitation that the speed 1s 
dependent upon the number of poles on account of the frequency. 

Referring to the question of starting. The induction motor- 
generator set is undoubtedly the simplest. The synchronous 
motor-generator only differs from the induction motor-generator 
in that it 15 necessary to close the exciting circuit and to synchro- 
nize the machine after it is up to speed. The starting of a syn- 
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` chronous converter is considerably more complicated than 
that of a motor-generator. If the converter is compound wound, 
we have to short-circuit the series coils when starting from the 
direct-current side. Then we have to synchronize carefully, 
and an error in throwing the machine on the line is much more 
liable to do damage or cause a flash-over than in the case of a 
motor-generator, as there is nothing to limit the short-circuit 
currents that would flow. If we start from the alternating- 
current side, we have to see that the polarity and voltage are cor- 
` rect before we throw them on the direct-current line. Throwing 
a synchronous converter on the line 1s a more sensitive operation 
and one which is more liable to cause damage than the same opera- 
tion with the motor-generator, and in consequence the operator 
must be proportionately more skilful. 

Speaking generally from the operating standpoint, a motor- 
generator is preferable to a synchronous converter in almost 
every respect, except as to efficiency and cost. And even as to 
cost a motor-generator 15 cheaper for low voltages and larger 
outputs, especially if the voltage on the transmission line is not 
over 15,000 volts, when the svnchronous motor could be wound 
to take the high voltage direct. When comparatively cheap 
and medium-size units are wanted, and under conditions where 
close voltage regulation is unimportant, synchronous converters 
would be used; when large-size units are desired and when the 
voltage regulation and general flexibility are important, motor- 
generators would be preferable. In situations where the ma- 
chines are to run with practicallv no attention, probably induc- 
tion motor generators would be perferable to synchronous 
motor-generators. But the fact that synchronous motors can 
be used to control the power-factor of the line 15 of such import- 
ance in long transmission lines that the engineer should adopt | 
them wherever possible. 

H. G. Stott: In regard to Mr. Lincoln's comparison of the 
characteristics of motor-generator sets and synchronous convert- 
ers, my own experience confirms his statements. During the 
initial period of the operation of a water-power plant, the voltage 
regulation was fairly good, but the speed regulation was poor; 
with these conditions, the synchronous converter gave the best 
results, but later. when the number of generators in service 
had been increased and the line regulation had become poorer, 
owing to the increased load, we had to resort to motor-generator 
sets, 1n order to obtain regulation suitable for lighting. 

In reference to the various methods of starting, it is desirable 
to remember that anv method involving starting from the alter- 
nating-current side means a rush of current equal at least to 
full-load current, at a power-factor of less than 25%; whilst 
starting from a motor coupled to the shaft, or from the direct- 
current side involves the use of only 40% of the full-load current, 
at unity power-factor. The first, or purely alternating-current 
method, may cause a serious disturbance in the circuit, resulting 
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in hunting, and violent surges of current and voltage if the circuit 
is in a condition approximating resonance. 

With the induction motor-generator set, however, another 
condition obtains, as when we start it from a separate motor or 
from the direct-current end, and after bringing it up to full, no- 
load speed and throwing it on the line, there may be a rush of 
magnetizing current equal to more than 10 times full-load current. 
This is the same phenomenon as observed when throwing cur- 
rent into transformers, the value of the momentary current de- 
pending upon the point of the cycle at which contact 1s made, 
with relation to the point of the cycle at which the current was 
previously broken. With large induction motors, it is therefore 
necessary to introduce resistance or inductance at the moment 
of closing the circuit, but this resistance may be cut out again 
after a few seconds, as this enormous magnetizing current lasts 
only for a few alternations. 

Ralph D. Mershon: I cannot quite agree with Mr. Lincoln 
as to the relative reliability of motor-generator sets and synchron- 
ous converters. I have been closely associated with one in- 
stallation where power is supplied in part by 60-cycle induc- 
tion motor-generator sets and in part by 30-cycle converters. 
Whilethere hasbeen very little trouble due toeither tvpe of ma- 
chine, such trouble as there has been, is more chargeable to the 
converters than to the motor-generator sets, although thereare a 
good many more of the latter than of the former. This is in 
spite of the small air-gaps of the motors. We have not had in 
the installation I refer to any trouble such as Mr. Stott speaks 
of in regard to throwing the induction motors on the line 
though this may be partly due to the higher frequency. I am 
quite sure that the company supplying the power would make 
it known if there had been much disturbance when the motor- 
generator sets were thrown on the line. 

It seems to me that in Mr. Lincoln's introduction, and the 
discussion of it, there has not been enough stress put upon 
the fact that operation of the motor-generator set is largely 
independent of the line voltage which it receives, and that 
therefore it is very well adapted to operation on very long trans- 
mission lines, where the full-load voltage at the two ends of the 
line will differ widely. In some instances this difference of volt- 
age and the consequent variation between no load and full load 
ofthe voltage of the convertersat the ends of the transmission line 
will not be a serious drawback. In other cases it may constitute 
a serious objection, and in any case it certainly is a very attractive 
condition of affairs to have along the transmission line motor- 
generator sets whose operation will not be materially affected bv 
considerable variations of transmission line voltage this will 
apply to both induction motor-generator sets and synchronous 
motor-generator sets; but it is also a great advantage at times 
to have the equalizing effects which may be obtained from a 
separately excited synchronous motor in assisting to maintain 
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an approximately constant voltage on the transmission line. In 
general, in any engineering problem we must adopt the ap- 
paratus to the conditions to be met. Undoubtedly, where the 
converters can be used without serious disadvantage, there is a 
very great deal in their favor on the score of efficiency, and also 
on the score of first cost. Ibelieve with Mr. Waters, however, 
that if some work were done in the matter of raising the 
speed of motor-generator sets the difference in cost would largely 
disappear. | 

Charles W. Stone: It is simpler to insulate a generator coil 
than it is a high-voltage transformer coil, for the following reasons: 
The generator coil 1s usually small, and when insulated 15 usually 
quite stiff and rugged; whereas the transformer coil being com- 
paratively thin and quite wide and flat, making it very difficult 
to get an insulation which will be continuous and will not be 
subject to movement and consequent deterioration. 

When low-voltage taps on the transformers are used, the 
starting of convertersis much simpler than the starting of a motor- 
generator set. I have seen machines as large as 1500 kw. started 
from the alternating-current side and brought up to full speed 
within 40 seconds. This means, of course, a considerable rush 
of current, but shows that 1t 1s possible in cases of emergency to 
start a converter quickly; in fact, much more quickly than a 
motor-generator set of similar capacity. 

In regard to the number of hours that the different classes 
of machines would be out of service, due to defects inherent in 
the apparatus itself, I do not agree with the order given in 
the third page of the paper. I should place the synchronous 
converter first, next the svnchronous motor-generator set, and 
next the induction motor set. Jam basing the above conclusions 
upon a careful study of complaints which have been brought to my 
attention, and which clearly indicate that there has been more 
trouble with the induction motor sets than with the synchronous 
motor sets. 

In regard to the relative efficiencies of the different com- 
binations, I would say that the author's table applies onlv to 
the 25-cvcle synchronous converters, as the efficiencies of the 60- 
cycle motor-generator set will approach very closely those of 
the converter sets. The 60-cvcle converter will probably. cost 
as much if not more than a motor-generator set. 

Мг. Lincoln says that induction motor-generator sets do not 
hunt. I cannot quite agree with this, as І have seen induction 
motor-generator sets hunt considerably. under certain line con- 
ditions. Itis possible to make them hunt under test. 

The author savs, that with the motor-generator set there are 
two machines to look after. "That disadvantage is, I think, 
somewhat offset by the fact that the converter has very 
large collector rings and brushes and heavy copper connections. 
I anticipate as much trouble with the collector rings and brushes 
as with the synchronous motor end of a motor-generator set. 
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Mr. Lincoln also says that the induction-motor end of a motor- 
generator set has an entirely neutral effect on the line. I do 
not think that this 1s quite true; it has a very serious effect on 
the line, and that 1s in lowering the power-factor. 

Charles F. Scott: Mr. Lincoln's paper is excellent in that it 
gives a general survey of conditons pertaining to a given class 
of service. Very often engineers are apt to present a certain 
class of apparatus as the only one which is suitable; one man, 
for example, advocates the induction motor; another, the svn- 
chronous motor, and still another cares for nothing with alterna- 
ting current in—it each maintaining that his class of apparatus 
is the one for all cases. А paper of this kind shows the wide 
field of conditions which exist, and shows that each of several 
kinds of apparatus may have its own proper place under certain 
conditions. 

The general conditions applying to the three classes of ap- 
paratus considered have been presented; the second step in the 
problem should be to determine the results of experience. What 
has been the concrete experience with each these different classes 
of apparatus? Mr. Lincoln has given his opinion in a certain 
order of preference of the different classes of apparatus, and 
some others have expressed opinions reversing his order. If 
we could get from the operators of the several classes of apparatus 
their different experiences, it would give us some excellent data. 
For example, when we are told bv one gentleman that induction 
motor-generator sets give greater cause for complaint than other 
classes, it raises the question: If this is the case, why is it? 
The simplest kind of apparatusis the direct-current generator on 
the one hand and the induction motor on the other, but if, how- 
ever, these are not found in practice to give the best results, it 
will be interesting to know more in particular just whv. 

Philip Torchio: I am willing to endorse all of Mr. Lincoln's 
conclusions as far as applied to existing moderately-high-tension 
voltage systems operating relatively short lines. I do not think 
it justifiable, however, by actual experience to apply the same 
conclusions to the specific conditions of the paper, having special 
reference to long-distance transmission lines. In this case ex- 
perience with synchronous converters 15 very limited, and the 
author has pointed out two serious drawbacks which, in my 
opinion, would in most cases preclude the use of converters. 
One of these drawbacks is the fact that converters fall out of step 
when the ohmic line drop exceeds a certain percentage, which 
is generally limited to ten per cent., and it seems to me that anv 
momentary heavy short-circuit at the end of a long transmission 
line would be a menace to the continuous operation of the con- 
verters. The other drawback is due to the independence be- 
tween line-voltage fluctuations and direct-current voltage regu- 
lation. I am certain that with most of the lighting svstems 
this fluctuation would prohibit the use of converters. I would 
even go a step further and state that with 25-cvcle transmission 
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lines, frequency-changers of from 25 to 60 cycles should be in- 
stalled; not only for the reason of the higher frequency required 
for good incandescent lighting, but also on account of regulation. 

The question of variation of frequency can be remedied at 
the generating station, butit would be almost impossible to ex- 
pect the generating station to regulate the distributing volt- 
age with fluctuating loads on the line. 

P. M. Lincoln: Mr. Waters says that the synchronous con- 
verters would compound the whole line when compounding 
themselves. This is true to a certain extent only; it is usual 
in operating converters to place in each individual converter 
circuit a rather high reactance which has largely the effect of 
making only the converter compound. Such reactance has 
the further effect of answering the objection to the large amount 
of current that a converter would take when short-circuited; 
the reactance has the effect not only of making the converter 
compound, but also of limiting the current on the short- 
circuits. Mr. Waters further says that efficiency is not a very 
important point, because water power doesn't cost anything. 
This 1s an easily answered argument. If power is being 
paid for, the power wasted has to be paid for as well 
as that used, and this applies whether the power is generated 
or bought. 

As to the contention that converter speeds are necessarily 
lower than those of motor-generator sets, I take exception 
to that statement. I dont see why converter speeds cannot be 
made as high as motor-generator speeds. 

To the statement made in my paper that the induction 
motor is neutral in its reaction on the line, objection is made 
that the induction motor is not neutral—that it 1s highly induc- 
tive. Closer reference to my langage will show that my point 
is that the induction motor is neutral so far as its capability of 
adjustment is concerned; it takes one position and stays there. 

Mr. Torchio intimated that trouble might be expected from 
converters where the ohmic line-drop was ten per cent. or more. 
I should like to raise that limit a little, to something nearer 
twenty per cent., I know of cases where converters have been 
successfully operated when the ohmic line-drop was considerably 
more than ten per cent. Also tests have been carried out which 
indicate that the converters can, under favorable conditons, 
be operated with an ohmic line-drop of twenty per cent., and 
possibly more. 

B. A. Behrend: I want to ask Mr Lincoln in regard to the 
subject of his paper why he has not included a 60-cycle converter 
in the list of machines out of service for a certain number of 
hours. How manv hours would a 60-cycle, 600-volt synchronous 
converter be out of service? 

P. M. Lincoln: I think 11 would depend entirely upon the 
time at which the converter was designed. The design of 60- 
cycle converters has improved wonderfully during the last de- 


1907] DISCUSSION AT NEW YORK 1535 


cade. Ifit were designed in the last three or four years, I should 
putit somewhere between the 25-cycle converter and the induc- 
tion motor-generator—say 12 hours. 

B. A. Behrend: There is another point on which I wish to ask 
Mr. Lincoln. I quote from his paper: 

However, with the modern construction of svnchronous machines, 
including as they do heavy dampers, there is so little probability of hunt- 
ing that it may be entirely neglected. The only places in which huntin 
15 apt to occur are in cases where antiquated generators are used an 
where the ohmic line-drop is very high. Neither of these is apt to occur 
in practice 

I am afraid that this statement 1s not altogether true. I am 
quite willing tostate that hunting does not occur very often, but it 
does occur in some cases, and in such cases it is often very 
obdurate and it is difficult to account for the causes in a satis- 
factory manner. I should like to know why the ohmic drop 
has such considerable effect; it, of course, limits the overload 
capacity of the synchronous machine; it changes the character- 
istic frequency of the oscillation; and if there exist in the system 
somewhere forced perturbations of a given frequency, then there 
may be a resonance effect produced by an increase їп line resis- 
tance. But even this does not explain thoroughly why line 
resistance is made responsible for hunting. Mr. Lincoln's 
statement that hunting 1n modern synchronous machines can 
be neglected seems to me somewhat broad, although Mr. Lin- 
coln allows himself a loophole by stating that this 15 the case only 
with modern generatorsand converters of a recent style with heavy 
dampers. I should like to ask Mr. Lincoln why he considers line 
resistance responsible for hunting? 

P. M. Lincoln: Hunting always means that the rotor of the 
machine that is hunting is departing from its true mean path— 
periodically ahead of and behind that path. The magnetic 
field which flows from the pole into the armature ts shifting con- 
stantly from one side to the other of the pole. The way to pre- 
vent that is simply to put grid dampers upon the iron of the 
pole, and in that case if there 1s any tendency for the flux to shift 
across the pole face, large currents are set up in these dampers 
which oppose the shifting of the magnetic lines. 

The application of grid dampers, judging from the experience 
has been a complete cure for hunting—the exceptions being 
accounted for on high ohmic drops. 

B. A. Behrend: What is the effect of the ohmic drop in regard 
to hunting? 

P. M. Lincoln: Iam unable to give you an exposition of the 
reásonsatthistime. Wehave made experiments todetermine the 
limits of ohmic resistance and have found that under favorable 
conditions the grid damper would prevent hunting with an ohmic 
drop as high as 20%. The final limit may be even higher than 
this. 

J. R. C. Armstrong (by letter: I am in full accord with the 
conclusion stated in the last paragraph of the paper, to the 
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effect. that, “ there are but few cases where the motor-generator 
should be used in preference to the synchronous converter” 

] understand that the object of this paper is to determine 
which of the three devices—synchronous converters, motor- 
generator sets with synchronous motors, or motor-generator 
sets with induction motors—is the best for transforming alterna- 
ting current into direct current, and, at the same time, maintain- 
ing à constant voltage on the direct-current bus-bars. 

It seems to me that the items “ Parallel operation " and 
' Starting" should precede “ Efficiency ” апа “ Cost", as these 
factors are vital to the successful operation of a plant. 

Reliability. or continuity of operation is I think the most 
important condition to obtain, especially at times when the great- 
est demand is made upon the respective pieces of apparatus. 

I believe that undue prominence and stress has been laid on 
so called “ bucking ” or arcing over on the synchronous conver- 
ters. It is true that this occasionally happens, but in a well- 
designed converter the percentage of trouble in a station due 
to this cause 15 very small. When bucking does occur, very 
little damage results to the converter, due to the highly developed 
protective switchboard apparatus installed on the alternating- 
current and direct-current sides of the converter circuits. It 
is very seldom that a short-circuit on transmission lines, either 
on alternating-current or direct-current sides, causes the converter 
to arc over, due to the fact that the overload device on the break- 
ers will operate and thus clear the station bus-bars. А great 
deal of the trouble experienced in the operation of converters 15 
due to the fact that the negative side of the circuit has been 
grounded and no attention has been paid to insulating the 
machine from the ground. It is readily seen that since there 15 
a short distance between the commutator bars and the frame 
of the machine, there is only this short distance between the 
commutator bars and the ground when the frame of the machine 
is thorourhly grounded. Bucking due to this cause can be very 
easily obviated by insulating the machine from the ground; in 
other words, installing it on insulating material that will not al- 
low an appreciable current to pass from the commutator bars 
to the frame. 

In my opinion, the time assumed for the synchronous converter 
being out of service is too high. I think that this figure 
(10 hours) can be materially reduced. 

Voltage regulation, With regard to the statement in the paper 
on'' Variations in direct-current voltage with variations in in- 
coming line voltage and frequency.” [do not believe that such 
great variations may be expected. Should large variations occur, 
it would be on an exclusively railway svstem where the fluctua- 
tions in direct-current voltage would not be a serious matter; 
whereas, where a steady direct-current voltage is required, 
as, for instance, in a lighting system, the period of fluctuations 
would be quite long, 1n fact long enough to allow the operator 
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in the generating station to change the field strength on the 
generator in order to hold the voltage more or less constant. 
This, I believe, would likewise apply to most systems composed 
of a combined lighting and railway load. Therefore, I believe 
that the synchronous converter compares favorably with the 
motor-generator set and not unfavorablv, as mentioned in the 
paper, for operation under ordinarv conditions. 

Parallel operation. In the present state of the art of design- 
ing synchronous motors and converters, I agree with the writer 
that '" The synchronous motor and converter аге on a par in 
regard to hunting". The question of hunting on the last two 
mentioned machines may be neglected. 

Starting. It might be mentioned in connection with the 
amount of current that these respective kinds of apparatus 
take from the line, that the induction-motor set is very bad in 
this respect. For in the case when a heavy draught of current 
is taken from the line, thereby setting up line disturbances, 
the induction motor-generator set is very conducive to this con- 
dition. 

When new and in good condition, the motor will require a 
considerable interval of time to bring the machine being started 
to synchronous speed before switching it on the line. This 
operation will sometimes take as much as five minutes. А 
much simpler and quicker method of starting, and. one which 
does not draw a large amount of current from the line, is that of 
starting from the direct-current bus-bars of the station. This can 
be accomplished very simply, and no time is lost in waiting to get 
the machine at the exact frequency of the line. It can be done 
by sectionalizing the field and connecting the field leads to a 
multiple-point switch that will introduce into the field circuit 
when opened a large amount of resistance, thereby largely re- 
ducing the normal current flowing in the field, and at the same 
time causing a very slight increase in voltage on the field windings. 
With this switch, a tripping device for the direct-current breaker 
can be operated and connected in such a way that the direct- 
current breaker through which the machine is receiving its power 
can be tripped before the high resistance is thrown into the 
held circuit. A second contact can be attached to this switch 
for closing the alternating-current circuit on the converter; this 
operation following immediately the introducing of the high 
resistance into the field as above mentioned. It will be seen 
that in the one operation above outlined, three things are accom- 
plished; namely, the cutting off of the starting current, the intro- 
ducing of a large resistance into the field circuit; and. the closing 
. of the oil switch—all three operations following one another in 
the order named. Then the machine cuts in on the alterna- 
ting-current side when the armature is practically “floating”, due 
toits own momentum, at approximately synchronous speed, and 
cut off from the direct-current source of power. 

After the above operation has been carried out, the high re- 
sistance is cut out of the field circuit by closing the multiple- 
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point switch and the machine is then ready for service. It 
will be seen that there can be very little strain or jar thrown on 
the armature in starting a machine by the above method. Units 
of large size can be started by this method by the ordinary 
operator in one minute or less. Therefore, I cannot see why 
the more expensive methods as proposed in this paper for start- 
ing machines of the above mentioned type should be employed, 
except perhaps where one of the above methods might be in- 
stalled for starting one machine in case of emergency when no 
direct-current power was obtainable in the station. 

The above method of starting machines from the direct-current 
bus-bars 15 now employed in quite a number of sub-stations in 
New York where converters are installed. It has been giving 
entire satisfaction. 

In regard to cost of apparatus for starting, it might be men- 
tioned that the cost of installing a switch as described above is 
only nominal, compared with the cost of other types of starting 
apparatus. 

The advantages of the synchronous converter over the motor- 
generator are very marked, especially with respect to reliabilitv, 
which I believe to be the predominating feature. Further, 
there 1s a wider range of application of the synchronous con- 
verter than there is of the motor-generator. 

А. Н. Babcock (by letter): A single qualifving clause should 
be added to the author's conclusions; that 15, provided that 
the line frequency is not greater than 25 cycles. Experience 
on long lines in the West, especially where an extensive distribu- 
tion svstem 15 operated, shows plainly that synchronous convert- 
ers should be barred entirely where frequencies as high as 60 
cycles are used. 

For railway work, especially where the generating station dis- 
tribution is under one control, and the frequency can be made 
25 cycles or less, synchronous converters are to be preferred. 

For 1200-volt lines, the indications are that ordinary 600-volt 
generating apparatus operated in series will give satisfactory 
results, although there is no experience in this countrv, at the pre- 
sent time, on which to base a positive opinion. 

F. G. Baum (by letter): This paper assumes that 60-cycle 
converters are as satisfactorv 1n operation as motor-generators. 
In any event, the author seems to have had in mind a 25-cycle 
svstem. 

Assume for example that a given district 15 to be supplied bv 
direct current at several points, also 60-cvcle, 2300 to 10,000 
volts for light and power circuits from а 60-cycle power system. 
The substations feeding the light and power circuits are also 
to be used for the conversion from alternating to direct current. 

In this case, to the cost of the converter there must be added 
that of a bank of transformers and regulators to supply it; add also 
the losses of the transformers. This would bring thecost of 
the converters and transformers to about 8097 of that of the 
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motor-generator, and reduce the efficiency of the converter to 
about 90%. 

The extra floor space for the transformers must also be con- 
sidered. Also the great advantage the motor-generator set has 
in regulation on the alternating-current side, as well as on the 
.direct-current side. These advantages are of great importance, 
and, considered in the light of present experience with 60-cycle 
converters, the motor-generator would generallv be selected 
for the conditions here assumed. The conditions here assumed 
are those generally prevailing, except where there is a special 
system for the railroad power. 

Ernest J. Berg (by letter): My judgment is that the syn- 
chronous converter is likely to play even a more prominent part 
in the future than at the present time. I quite agree with. Mr. 
Lincoln in regard to the reliability of the converter as compared 
with the other types. 

Regarding the voltage regulation. I do not think it serious 
that the power-factor 15 affected by automatic voltage regulation. 
Considerable control can be had with but shght change. 

In most long-distance transmission lines, considerable lagging 
current is not objectionable at light loads, because the charging 
current is larger than the lagging current, due to the induction 
load. In its control of voltage, the converter can be adjusted 
to take considerable lagging current at no load and practically 
none at full load. Therefore, the converter might advantage- 
ously be operated with such automatic control. In low-voltage 
transmissions, which however are outside of the scope of this 
paper, there would be some objections on this score. 

I quite agree with the conclusions given under the heading 
'" Corrective effect " and also under the heading '' Efficiency." 
The question of cost I can hardly pass upon, but I recollect 
some cases in which the cost of the synchronous converter with 
its transformer was practically the same as that of high-speed 
induction or synchronous motor-generators. 

Regarding parallel operation. My experience leads me to 
believe that a properly designed synchronous converter operating 
on а 25-cycle system can be made quite as stable as any synchycn- 
ous motor-generator, even if the latter 1s equipped with various 
kinds of anti-hunting devices. 

Regarding the heading “ Starting ". I consider that the three 
systems are practically on a par. Induction motor-generators 
will take about as much current as any of the others, if special 
starting devices are omitted. 

My conclusions, therefore, agree with those of Mr. Lincoln, 
that in most cases the synchronous converter offers advantages 
over the other two kinds of machine. I consider that in high- 
potential transmissions where there is usually a leading watt- 
less current, the induction motor is preferable to the synchronous 
motor in every case. 

R. G. Black (by letter): This paper refers to matters that 
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interest not only the electrical engineer, but the operating man, 
the capitalist, and the customer. In my opinion it is hard to 
consider the various heads under which the paper is discussed 
for both railroad work and lighting and power work, as what 
might be entirely satisfactory for railroad. work might be other- 
wise for lighting and power work. From the point of reliability 
] would say that our experience leads us to differ with the writer 
of the paper as regards the motor-generator set, as generally 
designed, resuming operation automatically after. temporary 
cessation of power supply; for if the speed should drop below 
50 per cent. it is very doubtful, with the load of incandescent 
lights, direct-current motors, etc., if the induction motor would 
resume speed without drawing sufficient current to trip the auto- 
matic alternating-current line circuit-breakers. However, with 
a specially designed ccil-wound induction motor, so arranged 
either by means of a centrifugal device or an electrical device 
automatically to put resistance in the rotor circuit, should the 
speed drop, say, 25 per cent. below normal, it 1s quite possible 
to arrange a motor-generator station so that the induction 
motors will automatically resume operation notwithstanding the 
direct-current load remains on. With motors arranged as above, 
I should te much inclined to place the induction motor-genera- 
tor set first on the list, with the 25-cvcle synchronous converter 
second, with about the same number of hours as shown 

Speaking generallv, on every point except cost I should be in- 
clined to favor the specially arranged, coil-wound induction 
motor as being the most reliable, easiest operated, and least ob- 
jectionable of the three classes of machines discussed. In the 
matter of cost there 1s no doubt but that the synchronous con- 
verter has the advantage, particularly if its overload capacity 
is taken into consideration, but unless the operating company 
controls the transmission companv, or has an agreement with 
them whereby the variation in voltage is not excessive, the 
cost of a large enough induction regulator brings the cost of the 
converter, with transformers and regulator. verv nearly equal 
to that of a motor-generator set for a given kilowatt capacity. 
If the induction motor sub-station is close enough to a terminal 
station so as not to make transformers necessary, it might in 
some instances be cheaper than the svnchronous converter set. 

At one of the plants with which I have been affiliated, which 
is connected to a long-distance transmission svstem, arrange- 
ments are being made to purchase five 1500-h.p. induction 
motor-generator sets for lighting and power work in preference 
to synchronous converter sets or svnchronous motor- -generator 
sets, the idea being that thev will be much more reliable, easier 
to operate, and more satisfaetorv in every way than either of 
the other tvpes of machine. 

Edward P. Burch (bv letter): The writer’s experience is that 
60-cvcle converters are not reliable. They are therefore unsatis- 
factory for 600-volt electric railway service. He would recom- 
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mend the purchase of the higher price and lower efficiency 
synchronous -motor-generators in place of 60-cycle, 600-volt 
converters. 

Н. W. Buck (by letter): On a miscellaneous system of power 
transmission covering a large territory it becomes very difficult. 
to adjust the voltage throughout the transmission network to 
suit everybody, where each customer is directly dependent on 
the line voltage at the point of delivery of the power. This con- 
dition becomes more pronounced as the length of transmission 
lines is increased. With a trunk line, sav 200 miles in length, 
feeding branch lies here and there of considerable length, it is 
virtually impossible to maintain anything like a uniform po- 
tential on all parts of the system, nor is it possible to prevent 
wide fluctuations in the voltage at any given point. Sudden 
changes in load are inevitable, together with changes in phase re- 
lation. Such power systems should not be closely restricted 
in regard to line voltage regulation but should be free to deliver 
power, in the rough, so to speak. with voltage refinements 
made on the secondary distributing circuits. The power com- 
pany should be allowed a variation in line voltage of 20% if 
necessary, or 10% abqve and below a mean. Such fluctuations 
might not be objectionable for many classes of power work, but 
would, of course, be prohibitive on lighting circuits. It becomes 
necessary, therefore, under these conditions to have the vol- 
tage of the secondary distributing circuits rendered independ- 
ent of the line voltage, and motor-generators must be installed. 

It is true, as pointed out by Mr. Lincoln, that frequency varia- 
tion with a motor-generator installation disturbs the distrib- 
uting generator voltage; but on large transmission systems hav- 
ing a heavy and diversified load, as is usual, good frequency 
regulation is not difficult. The loads on various portions of the 
system, and consequently the voltage at such points, may 
fluctuate widely, but in general the total resultant load at the 
main power house remains either practically constant or else 
changes so gradually that the governors can compensate for it 
with small change in generator speed. 

As to the comparison between induction and synchronous 
motor-generators, while the induction type has certain ad- 
vantages 1n starting, the synchronous type has other advantages 
of equal importance. In cases of momentary short-circuits 
on the system there will be a tendency for all the motor- 
generators and converters to drop out of step, due to the con- 
sequent drop in voltage. In the induction type the torque 
drops as the square of the dropin voltage, and a heavily loaded 
induction motor may therefore break down at a comparatively 
small reduction in impressed voltage. In thesynchronous type, 
the field current of the motor being proportional to line fre- 
quency only, will remain constant under drops in line voltage, and 
will tend to keep up the voltage at the motor terminals, and 
maintain the torque. In this regard the converter has the same 
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characteristics as the induction motor, in that its field current 
falls with the voltage of the line. In the writer'sexperience the 
motor-generators of the svnchronous type hold in step better 
under line short-circuits than either converters or induction 
motor-generators. 

The absolutely independent control of the voltage of the 
distribution circuit possible with the motor-generator combina- 
tion affords many operating advantages, all of which cannot be 
listed on paper. The possibility of independent phase control 
with the synchronous type is of special advantage. On every 
alternating-current power system there must of necessity be 
many small induction motors in operation. and compensation 
for their low operating power-factor can only be obtained by 
means of some large synchronous motors on the lines. The 
introduction of single-phase railways as customers on large 
power systems, with the low power-factors of their circuits, makes 
this corrective influence all the more demanded. 

О. B. Coldwell (by letter): Mr. Lincoln places '' Reliability 
of operation " at the head of the list of points to be considered 
when making a selection of the most suitable machine for the 
connecting link between the high-tension transmission line and 
the low-tension direct-current distributing system. Unquestion- 
ably this isthe point of most importance to those entrusted with 
‘the operation of a plant using such apparatus. 

It has not been the experience of the writer that the converter 
has a decided advantage over a motor-generator set, on account 
of there being but one machine to get out of order rather than 
two. A converter is necessarily provided with slip-rings on the 
alternating end—six rings in the case of large converters—and 
even with the best of attention there will occasionally be trouble 
on this side of the machine. This feature is entirely absent 

in the motor-generator set. | 

|». The induction set is driven by a unit that, when once in opera- 
tion, has a decided tendency to remain so in spite of momentary 
disturbances on the high-tension system which would invariably 
cause the svnchronous motor and the synchronous converter 
set to drop out of step. Due to the intimate relation existing 
between the alternating-current supply circuit and the direct- 
current end of the conv verter—both being connected to the same 
set of armature windings—and to the fact that the sliding con- 
tacts on the alternating-current side are to be taken into account 
as well as the commutator, I should consider the converter as the 
least reliable machine when inherent defects in the apparatus 
are used as a basis of comparison. 

I should therefore revise the table of relative reliability due to 

defects inherent in the apparatus to read as follows: 
~ Induction motor-generator 10 
Synchronous motor-generator 14. 
25-cycle synchronous converter 17. 
I agree with Mr. Lincoln that it is an advantage to be able to 
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control the voltage independently of the supply circuit. Un- 
doubtedly the converter is handicapped in this respect. In 
railway work this is not of such importance as in the case of 
lighting apparatus. 

As to the '' corrective effect," the synchronous motor-genera- 
tor set is the only unit under consideration that can be used. 
for the purpose and at the same time not suffer a disturbance 
of the direct-current voltage. Unless the '' corrective ” features 
of the synchronous motor and converter are applied intelligently, 
more harm than good may result. 

The synchronous converter is the best machine as re- 
gards efficiency. Mr. Lincoln's calculation is apt and shows very 
plainly the advantage enjoyed by the converter in this respect. 

Regarding cost, the writer is of the opinion that 6U%% is some- 
what low for the converters, as it is necessary to consider the 
step-down transformers, the voltage regulators, the blower for air, 
cooled transformers, and the more expensive construction due 
to the necessity for an air chamber under the transformers. 

Parallel operation is equally good for all machines. 

The induction motor-generator set is the best as regards 
starting, as no synchronizing is required. In some of the larger 
sets, however, it is customary to start them on direct current 
and bring them to speed before connecting them to the supply 
circuit, thus avoiding any serious shock on throwing on the line. 

No mention is made of the use of half or one-third or two- 
thirds taps for starting the converter on the alternating-current 
side. This is undoubtedly the quickest way of starting a con- 
verter and connecting it with the line. It is successfully 
used. 

The use of the storage-battery in central sub-stations where a 
large direct-current, low-tension lighting system is installed, as 
well as a direct-current railway system, for the purpose of 
acting as a relay on the alternating-current supply from long-dis- 
tance transmission lines, should in some cases have a bearing 
upon the selection of apparatus. In such case the battery 
could carry, during times of trouble, the low-tension system 
directly and the railway system indirectly, the transtormer ma- 
chinery being operated inverted. 

While converters have been and are operated inverted, they 
are not so successful in this respect as the synchronous motor- 
generator set. 

It is the writer's opinion that a selection of apparatus ба 
be made only after a very careful study of all the operating 
features of the particular case in hand. It is quite possible that 
the best results could in some cases be obtained bv using both 
converters and motor-generator sets. A discussion of this 
particular feature should bring out some interesting points. 

W. R. C. Corson (by letter): The problem of determining 
the best method for converting alternating to direct current for 
any particular case must, of course, be largely dependent on the 
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governing conditions of supply and the purpose of the derived 
current. Mr. Lincoln's treatment of the subject, by classifying 
the operating requirements of such apparatus, and noting the 
points of relative vantage which the several methods possess in 
each class, is an analysis which aids in a solution of the problem. 
But it is, after all, a problem which is not susceptible of a general 
solution. The several classes of operating requirements should 
be given differing relative values in considerations involving the 
choice of apparatus for differing purposes or conditions. The 
summary of Mr. Lincoln's paper, which seems to establish the 
preéminent excellence of the converter because it is found su- 
perior in a majority of counts, 1s, however, really of little assistance 
and serves only to establish an explanation for its present 
almost universal employment for the conversion of alternating 
to direct current. There are conditions of operation in which 
the synchronous converter falls behind its competitors in filling 
the essential requirements, and any conclusion that will help 
us in a limitation of these conditions will be useful. 

Under the head of reliability, the synchronous converter is 
given the highest award, because but a single machine 1s involved 
as against a unit of two machines. The conclusion would follow 
that the converter is therefore twice as reliable as any method 
of double conversion, were it not for the further numerical values 
for the relative reliability advanced by the author. Now the rela- 
tivereliability can hardly, it seems to me, be measured by the 
number of hours that the apparatus would be out of service with- 
in a given time, even if we could all agree on a basis for estima- 
ting the probable hours of breakdown. A more reasonable val- 
uation of reliability would be the ratio of operating time to that 
of breakdown; but here again апу exact assignment of values 
would be so much a matter of personal opinion that no definite 
conclusion could be reached. The mathematical chance of pure 
accident is greater in a unit of two machines than in a simpler 
apparatus, but reliability, from the practical viewpoint, should 
involve other considerations than the mere mathematical chance 
of accidents from unforeseeable causes. We must take the risk 
of accident, in this sense, in almost any responsibility we 
assume, and can rarely place a value on such risk. 

Reliabilitv, for the purposes of this discussion, should cover 
the broader field of ability successfully to operate under adverse 
or abnormal conditions, and the weight attached to the measure 
of reliabilitv, as thus defined, possessed bv any class of apparatus 
should be in proportion to the probable diversion from normal 
of the conditions for which a selection is to be made. Reliability, 
in other words, should be understood as the possession of robust 
characteristics as opposed to those sensitive to adverse conditions. 

For general ability to withstand the hard knocks of fluctua- 
tions of voltage, frequencv, or load, or of heavy overload, and 
to operate with a minimum of attention under all circumstances, 
the induction motor is without a peer. A direct-current genera- 
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tor coupled to it to form conversion apparatus can be designed 
to possess the best characteristics of such a machine uncom- 
promised by the conditions imposed by the alternating-current 
supply. From the point of view of reliability I should, therefore, 
place the induction motor-generator set in first place; the syn- 
chronous motor-generator in the second; with full appreciation 
of its merits under proper environment, I should give the syn- 
chronous converter the lowest mark of the three. 

The characteristics of the several types of converters as af- 
fecting the control or regulation of the direct-current voltage 
is considered by Mr. Lincoln, and his conclusion that relative 
numerical values of merit should not be attempted on account 
of the variable conditions dictating a selection is correct. Не 
points out one case in which the synchronous converter can not 
be used; as no case appears against the other types, perhaps in 
this particular group of characteristics the converter must also 
take last place. 

The corrective effect of the converting apparatus on the line 
is a matter of importance in the proportion which the capacity 
of that apparatus bears to the total load on the line. It is clearly 
shown in thepaperthat circumstances of control make this effect 
a desirable or undesirable characteristic. The induction motor- 
generator, having no corrective effect, may be, therefore, in this 
count, either utterly worthless or preéminently excellent, but 
under either consideration the converter seems to have second 
place. 

In efficiency, the converter is undoubtedly the superior of 
either of the other types with which it is compared, and it is 
unquestionably its superiority in this respect which influences 
most largely its almost universal selection. It does not seem 
quite fair, however, to allow to the converter quite the measure 
of superiority credited by Mr. Lincoln's figures for efficiency. 
These, I understand, are admittedly made on the assumption 
that the line voltage is “ too high for a revolving machine and 
must be transformed before utilizing." This assumption 1s of 
a condition which is usually necessary to converter operation 
but by no means so to that of its competitors. To give them 
the benefit of the doubt, it would be fair to decrease the figure 
representing the economical superiority of the converter by an 
amount determined by the static transformer losses. If this 
were admitted, the relative economy of the different types would 
be represented by the following values: 


Synchronous сопүуег{ег................. 91 
Synchronous motor-generator............ 85 
Induction motor-generator.............. 84 


The first cost of a synchronous converter installation is much 
less than that of the other tvpes, but again the cost of step- 
down transformers, and usually of additional switching equip- 
ment, should be included with that of the converter itself in the 
comparison. 
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The parallel operation of all types of machine under con- 
sideration can be accomplished successfully under normal con- 
ditions. Under certain abnormal conditions, however, either 
type of synchronous apparatus is more sensitive than the in- 
duction motor-generator. | 

In starting characteristics, Mr. Lincoln's analysis places the. 
induction motor-generator set at the head of the list, the syn- 
chronous converter second, and the synchronous motor-generator 
last. The reasons for this rating appear sufficiently obvious. 

In his summary, Mr. Lincoln concludes that as the synchronous 
converter excels in his analysis in counts 1, 4, and 5 and is 
practically at par with the best in count 7, there would seem to be 
'" but few cases where the motor-generator should be used in 
preference to the synchronous converter." From my rating of 
the characteristics of the types considered, it appears that in 
counts 1, 2, 3, 6 and 7 a form of motor-generator is inherently 
superior to the converter, while only in counts 4 and 5 does 
the converter take unconditionally the first place. But counts 
4 and 5 are usually factors of prime importance in the choice 
of apparatus, and the characteristics required by the other counts. 
are possessed in sufficient degree by the converter. The con- 
clusion is undoubtédly true, then, that but comparatively few 
cases exist where it should not be used. In fact the conclusion 
is so obvious that this discussion would be of little value, did it 
not, as it does, indicate by its analysis the conditions which would 
determine the selection of other apparatus in these few cases. 

Where the synchronous converter is but one portion of an 
electrical system designed, installed, and maintained as a whole, 
for the particular purpose of the direct-current supply, the con- 
ditions most suitable for converter operation will be provided. 
The frequency, voltage, regulation, etc. will be selected with 
particular reference to the purpose of the conversion, and the 
control of all apparatus will be subject to one management, 
or at any rate to a common interest. In installations of this 
character, reliability of performance, adjustment of voltage, 
corrective effect on line, etc. will be maintained within the limi- 
tations of converter characteristics by the provisions of the en- 
tire svstem, and the manifest economy and low cost of such 
machine will secure its selection. 

On the other hand, where the purpose of the conversion is 
merely incidental to the general purposes of the whole system, 
conditions less favorable to converter characteristics are more 
prevalent, and problems of selection will arise. In such cases, 
independence of purpose of demand and supply may often be 
best served bv the electrical independence of the machine utiliz- 
ing the supply and that supplying the demand. 

So far as any general conclusions may be drawn from a discus- 
sion of this character, therefore, I would advance the proposition 
that the criterion of utility of either of the conversion methods 
considered lies in the degree of community which the purpose 
of the supply bears to that of the demand. 
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Henry Floy (by letter): It must be borne in mind that Mr. 
Lincoln's conclusions are very general and may not apply to any 
particular or individual case. A paper of this character is so fre- 
quently accepted as conclusive and universal application at- 
tempted, that I desire to show how unsuited these general con- 
clusions may be in some cases. For example, it is practically 
impossible to use a converter, without storage-battery, to supply 
satisfactory lighting service at the end of a long transmission 
line that also serves alternating-current motors carrying large fluc- 
tuating loads, because the motor load will disturb the alter- 
nating voltage which directly affects the direct-current voltage. 
A motor-generator would therefore be necessary, regardless 
of the general conclusions, or the advantages claimed for the 
converter. Again, if the voltage of the transmission circuit were 
not so high as to prohibit the use of motor-generator sets with- 
out step-down transformers, a considerable investment, always 
necessary with a converter installation, would be saved. © 
_. Under the item of '' cost " it seems to me that Mr. Lincoln 
has not clearly indicated the relative investment necessary, 
because the converter must be provided with some voltage- 
control apparatus that, from the comparative figures given, 
do not seem to be included in Mr. Lincoln's costs; moreover, 
if a motor-generator can be used without transformers, the con- 
verter installation with transformers and regulators will usually 
make the total converter cost higher than that of the motor- 
generator. 

In а section where lighting is troublesome, I believe an in- 
duction motor-generator will be found much more satisfactory 
than a synchronous motor or a converter, because the induction 
motor will frequently pick up its load again without the shut- 
.down of the other machines that will ordinarily result from the 
short-circuit caused by a lightning flash. 

I do not agree with Mr. Lincoln in regard to the reliability 
of the different types of machines, for although the converter 15 
but a single unit, it is twice as liable to some causes of break- 
down as either a motor or a generator, because it is connected 
to two circuits—on its alternating and its direct end—and would 
therefore suffer, for example, from lightning coming in through 
either circuit. 

Clarence E. Gifford (by letter): It goes without saying that 
insulation of apparatus operated from a motor-generator can 
not suffer directly from “ surges " on the line from which power 
is supplied to the motor. 

It is equally true that direct-current apparatus operated from 
converters often has its insulation subjected to very severe 
strains by such surges, especially surges that arise from momen- 
tary grounding of one of the lines of the supply system. 

It will be readily seen how such a ground, or a permanent one, 
were it permitted to remain, тау, and generally does cause a 
strain between the earth and any conductor connected with 
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the secondary winding of a transformer supplied from a system 
upon which such ground occurs, or with any portion of a trans- 
former or successive series of transformers which are operated 
by current received from said secondary. And this condition 
does not necessarily imply any change in voltage between the 
primary lines, one of which is grounded, although a change 
would doubtless occur. 

The surge is transmitted through a transformer or series of 
transformers in the same manner as through a condenser; or 
in case of a ground of more than momentary existence, thc 
entire secondary svstem would have its insulation from earth 
subjected to a series of strains recurring with the same 
frequency as that of the current. The primary and second- 
ary windings of a transformer would in this case correspond 
to the plates of a condenser, and the action is not likelv, in 
most cases, to be greatly modified by the core, unless it be well 
grounded. 

Numerous experiences prove that the strain between earth 
and a direct current 220-volt system operated from a converter 
receiving power from a 22,000-volt system through three step- 
down transformations, often rises momentarily, when no preven- 
tive measures are adopted, to thousands of volts, and at a season 
of the year when the power company cannot say '' lightning.”’ 
In one instance two direct-current motors grounded at the same 
instant that the power company lost a cable, and from appear- 
ances one not familiar with such occurrences or with the cir- 
cumstances would certainly have pronounced it the work of 
lightning. Incidentally, it is interesting to note the inventive 
facultv displayed by the '' experts " of some power companies 
in assigning any cause but the true one for these expensive 
occurrences. 

The best protection against such effects that the writer 
has found, and it has proved remarkably satisfactory in a trial 
extending over many months, 1s to place at various points in 
the direct-current system, notably near the converter, near the 
extremities of long trollevs and near stationary motors, car- 
borundum resistances of 1000 to 1200 ohms (for a 220-volt 
system) bridged between the lines and having the center well 
grounded. 

Ordinary resistance rods of a resistance of 250 to 300 ohms, 
such as used in lightning arresters serve well. Each one may 
have terminals of No. 10 or No. 12 copper wire attached 
by winding the wire once or twice round the copper plated 
terminal of the rod, twisting it down tightly and soldering it by 
dipping. The resistance of each, in ohms, is then determined 
marked upon it plainly with paint. 

They are then sorted and made up in series of four, with all 
joints soldered, in such manner that the resistance between the 
center and one extremity of any series does not differ from that 
between the center and the other extremity of the same series 
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by more than two or three ohms. Any other style of leakage 
devices used for the same purpose must of course be practically 
non-inductive, rugged, and so proportioned that when a dead 
ground occurs on one side of the local system the current flowing 
through the device shall be just safely below a point that would 
injure the device or its connections. 

As before noted, the best protection for any local system operated 
from long-distance lines, is likely to be secured by distributing 
a number of such leakages at points where theory and experience 
indicate the greatest need. Unless the current value of a surge 
exceeds the ordinary, the potential between the system thus 
protected and the earth will not rise to a dangerous point. 

As an indication of this fact, one plant in mind required five 
to eight new lamps per month for a ground detector, the lamps 
receiving normally only one-half full voltage, and this was not 
due to ordinary grounds on the system. 

Since leakages, as described, have been provided, the detector 
lamps escape destruction, and crane operators cease to fear 
being knocked nearly senseless, as has occurred in the past, 
but the most noticeable result 15 the great decrease in number 
and seriousness of motor troubles. 

Wm. B. Jackson (by letter): Under the list of '' points ”’ 
which are considered in the paper, it seems to me that the sub- 
ject of ‘‘ Parallel operation " should either be omitted entirely 
and considered as being covered by the subject '' Reliability” , or 
that it should be placed second in the list. Without perfect 
parallel operation ‘‘ Reliability” as considered in the paper 
would be of little value. 

1. Reliability. In this matter I take direct issue with some 
of the statements made in the paper. It is true that the 
the synchronous converter comprises but one machine, but it 
it is equally true that this machine 15 the weakest brother in the 
entire family of alternating-current and direct-current ma- 
chinery. It is formed from a combination of a revolving 
armature alternating-current synchronous motor which, con- 
sidered as an alternator, is no longer an acceptable piece of 
machinery, and of a direct-current generator which has been 
designed, not as the best possible direct-current generator, but as 
the best generator that can be made a component part of a 
synchronous converter. 

The argument against the motor-generator set on account 
of pressure and insulation would be more nearly correct if 
reversed, for there can be no reason for using a higher voltage 
on the alternating-current side of a motor-generator set, unless 
it has evident advantage over the lower pressure. Further- 
more, a first-class stationary armature induction or synchronous 
motor can be safely insulated for several times the pressure 
that can be employed in a synchronous converter armature 
with equal safetv. 
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Although, as stated in the paper, the fault of “ buck- 
ing " is not one of very serious moment in present day prac- 
tice, yet this fault can be eliminated with greater ease 
and certainty in a simply direct-current dynamo than in one 
which must also work in with an alternating-current frequency 
of even 25 cycles, and this fact is emphasized if 60 cycles 15 
considered. 

2. Voltage regulation. I am unable fully to agree with the 
conclusions arrived at under this heading. I do not con- 
sider that, '" All methods under discussion are equal" for 
'" automatic change in voltage with change in load" for the 
reason that the automatic results that can be obtained 
in the svnchronous converters are dependent upon various 
extraneous conditions, while such results are obtained in 
motor-generator sets with the same simplicity as in any direct- 
current dynamo, for the direct-current side of the machine, 
and in the svnchronous motor-generator set very effective reg- 
ulation on the alternating-current side can be obtained with 
simplicity and without interaction with the direct-current 
operation of the machine. 

In considering the “ability to adjust the initial voltage ” it 
is impossible to accept the statement that the introduction of 
an alternating-current booster on the converter shaft is a more 
." logical arrangement so far as initial voltage is concerned 
than the motor-generator." Such an arrangement with its 
regulating rheostat and switches certainly does not constitute 
so logical an arrangement for voltage regulation as a simple 
rheostat in the field of a direct-current generator. 

In considering ''variations in direct-current voltage with 
variations in incoming line voltage and frequency " I agree in 
general with the conclusions arrived at, though I consider 
that too much relative importance has been given to the difficul- 
ties arising from variable frequency. In most up-to-date 
transmission plants where the “line voltage is too high for a 
revolving machine and must be transformed before utilizing", 
the problem of maintaining uniform frequency has been solved, 
though this cannot be said as regards the problem of uniform 
delivered voltage. 

Under '' Corrective effect " my views agree with those ex- 
pressed in the paper, though it should be added that in the 
case of almost all high-tension transmission plants there is 
direct telephone connection between the power house and all 
sub-stations containing current-transforming apparatus. As 
these sub-stations usually require continual attendance, they 
thus become a valuable adjunct of the transmission system, 
and especially so if synchronous motor-generator sets are used 
therein. 

4. Ejficiency. There appears to be an error in computing - 
the additional value of svnchronous converters as com- 
pared with motor-generator sets, when considered simply from 
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the standpoint of relative efficiency. The capitalization of the 
saving due to the higher efficiency of the synchronous con- 
verter is made upon a basis of 6 per cent, while in fact 10 per 
cent. is the least figure that should be used in this con- 
nection. This would be upon the basis of 5 per cent. interest 
upon the money involved and of 5 per cent. for depreciation or 
sinking fund. | 

There are some factors that enter into this consideration which 
have advantageous bearing upon the motor-generator set, and 
have not been considered in the paper. In sub-stations supply- 
ing mixed service, uniform step-down transforming apparatus 
can frequently be used for all classes of service when motor- 
generators are employed, while two ratios of transformation 
must be used if synchronous converters are operated. Also, 
in the case of very large converter units, the handling of the 
great quantity of alternating current at from 350 to 450 volts 
which is required is sometimes a factor of considerable import- 
ance. 

There are also cases where, even for plants of the class here 
considered, an extra set of transformers must be provided for 
synchronous converters that would properly be omitted in the 
case of motor-generator sets. Such a condition is presented 
where the high transmission voltage must be reduced at the out- 
skirts of a city to permit of carrying the current into the dis- 
tributing stations located in the city. 

5. Cost. Under this heading the same additional considera- 
tions that are presented under “ Efficiency" should be taken 
into account to arrive at a fair analysis of the relative import- 
ance of synchronous converters and motor-generator sets, when 
considered from a broad point of view. | 


6. Parallel operation. Although it is true that troubles from . 


imperfect paralleling qualities are not of frequent occurrence in 
up-to-date transforming machinery, yet the motor-generator 
sets have the advantage. In fact during those times when un- 
ending troubles seem to come upon the operating superintendent 
in a bunch, as they sometimes do in the best regulated plants, the 
synchronous converters are usually the first to show signs of dis- 
tress, and this is especially true in plants of higher frequencies, 
while motor-generator sets are not so prone to crankiness. In 
motor-generator sets, troubles arising in the direct-current side of 
the system cannot have magnetic or electrical effects upon the 


m x 


alternating-current side, nor can troubles arising in the alternat- - 
ing-current side have such effect upon the direct-current side. 


This cannot be said of synchronous converters. | 

7. Starting. The question of starting has been well pre- 
sented, but considering that an error in starting is likely 
to cause vital trouble in the synchronous converter on ac- 
count of its commutator and collector rings, and also that 
the revolving-field synchronous motor properly connected to 
a high-class direct-current generator is а more robust piece 


r 
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of apparatus to withstand synchronizing mistakes, it does 
not seem fair that the synchronous converter should be placed 
ahead of the synchronous motor-generator set as regards starting 
qualities. 

Summary. In the foregoing, I have more particularly con- 
sidered the advantageous qualities of the motor-generator set, 
as it had seemed to me that the advantageous features of the 
synchronous converter have been very fully presented in the 
paper. There has been no thought of belittling the field of 
usefulness of the svnchronous converter. At the same time, 
I do not feel that the phrase in the “ Summary” “that 
there are but few cases where the motor-generator should be used 
in preference to the svnchronous converter " should go unchal- 
lenged. In fact, there are large appropriate fields of usefulness 
for both the motor-generator set and the svnchronous converter, 
though it is fair to admit that the conditions will doubtless 
warrant a greater number of synchronous converters than of 
motor-generator sets being put into service. : 

R. S. Kelsch (by letter); The writer has used both motor 
generators and synchronous converters. There can be no 
rule which makes one better than the other. Local con- 
ditions, class of service, number of units, and the characteristics 
or nature of the svstem from which they are operated entirely 
govern the advisability of using one or the other. 

Farley Osgood (bv letter): We are operating ten converters 
driven by current from our power station and transmitted 
about 60 miles at 33,000 volts at a frequency of 60 cycles. 
Four of these converters are 30 miles, three are 45 miles, and 
three are about 60 miles from the power station, and are placed 
in three different sub-staticns, and, at times, all operated 
together. 

These being 60-cycle machines, I presume they are the most 
sensitive type of synchronous converter in use. We find that 
these machines are verv reliable, and, generallv speaking, the 
interruptions to service are caused by the flashing-over at the 
brushes on the commutator. These machines have been in 
service for three years. 

The first year's experience with the converters brought them 
into ill repute as regards reliability; but a careful study of the 
situation showed that the real difficulty was the lack of voltage 
regulation on the generating end. Regulation conditions were 
bettered bv means of the water-wheel governors, and the in- 
stallation of a voltage regulator. Since the correcting of the 
voltage regulation, or during the last year and a half, the ten 
converters have thrown themselves out of service less than ten 
times, giving an average of better than once per year per con- 
verter. I think this is as good a record of running as can be 
shown by anv other tvpe of machine driven from a source of 
power of high voltage and used for railway work. 

These machines are 430 volts on the alternating-current side, 
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and furnish 600-volt current on the direct-current side. They 
are connected with the high-tension system of 33,000 volts by 
means of a step-down transformer with a reactance coil in series 
between the transformer and converter. 

Our experience shows that converters with bad voltate regu- 
lation on the alternating-current side are the worst things an 
operator can have; but with good voltage regulation, which with 
existing regulating appliances is wholly possible, the converter is 
entirely satisfactory and preferable to the other two types of 
machines under discussion. 

Our experience with the converter also brings out the fact 
that although a sudden rise of 10 per cent. of the voltage from 
the generating source is liable to make the converter flash-over, 
a very great drop in the generating voltage may occur without 
affecting the converter. 

Three times we have had a generator oil-switch stick so that 
the machine was thrown in and out of service several times in 
rapid succession, and so disturbed the line voltage as to lower 
it on the indicating voltmeter from 110 to about 65, and yet on 
none of these occasions were the 60-cycle converters thrown out 
of step so that they went out. 

Concerning the '' Corrective effect". When the load of our 
system 1s so arranged that the power and lighting load is carried 
on one transmission line, and the railway load on the other; in 
other words, when there are only induction machines on one line, 
we have materially to increase the voltage on this line in order to 
bring about any satisfactory power-factor. In mixed service 
work, therefore, the converter will help the voltage at the gener- 
ating end by bringing about a more satisfactory power-factor. 
We find that an induction load only will perhaps require an in- 
crease in potential of from three to five per cent. at the generating 
end, but by placing converters with the induction motors satis- 
factory results are obtained on the receiving end without this 
increase in potential, This is simply an actual operating con- 
dition mentioned to bear out a well-known theoretical supposi- 
tion. 

Concerning ‘ Efficiency ". The experience on the system 
here, which carries converters at three sub-stations at a total 
transmission length of 60 miles, shows that with the proper 
arrangement of load we can obtain the power-factor as indicated 
by Mr. Lincoln; namely, 95 per cent. 

Concerning '' Parallel operation ". We find no difficulty in 
operating our 60-cycle converters in parallel, not only with each 
other in the same sub-station, but in parallel with other con- 
verters in other sub-stations. At first the converters did not all 
appear to be of equal efficiency ; it was found, however, merely 
to be a matter of adjustment, the large apparent differences of 
efficiency being easily done away with 

One noticeable feature in a converter, which, however, is 
probably a well-known fact, is that the different phases of any 
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one converter will not require the same amount of current, and 
that the various phase requirements vary. 

As we usesingle-phase recording watt-hour meters to measure 
thecurrent taken by the converters, wecan very easily observe the 
current requirements of each phase of the machine. Often the 
meter will change its speed in favor of another phase of the con- 
verter sufficiently to be observed by a man watching the meter 
discs. The daily record of consumption taken from these 
meters shows swings from one phase to another from one day to 
another. 

In summing up these discussions, I would say that I would 
not recommend any type of machine other than a converter for 
railway work from a high-tension source of power. 

john C. Parker (by letter): The writer has been much in- 
terested in the particular phase of voltage regulation that bears 
on the distribution of load between various machines and be- 
tween systems fed by distant hydroelectric generating stations 
on the alternating-current lines and engine-driven or local hy- 
draulic plants on the direct-current lines. 

In any large works or city distribution, it 1s customary to 
generate at a high voltage, 2500 to 11,000 volts, and distribute 
by means of this voltage to various sub-centers, where trans- 
formation to either the railway or light and power circuits is 
effected. The motor-generator set possesses, in such a case, one 
decided advantage over the more ordinary form of synchronous 
converter, in that the load taken on by any one station may 
be varied by manipulating the field excitation of the generator 
without influencing the power-factor of the alternating-current 
lines, and vice versa. Thus, during a period of maximum 
activity in any one section of the distribution system, the direct 
current voltage may be depressed, causing more distant sub- 
centers to feed into and relieve this particular district by 
means of the direct-current network, whereas with synchronous 
converters the tendency 15 for the converter nearest the con- 
centrated load to assume increasingly greater proportions of 
the load until its automatic apparatus cuts it out of service. 
Of course, the inherent regulation of the converter can be made 
so bad as to give a strong drooping characteristic even at a good 
power-factor, but this 1s evidently at the expense of the copper 
efficiency and leads to voltage variations which aremanifestly 
objectionable—especially on lighting systems. With the motor- 
generator set, the load fluctuation can be guarded against and 
the direct-current voltage regulation at the same time kept 
reasonably near what it should be, by designing the generator 
so that the voltage will progressively rise with increasing loads, 
until at any desired load pointit begins to drop and thence 
rapidly decrease to a value below the no-load voltage, thereby 
causing current to flow in from distant transformation points 
which mav be less heavily loaded. | 

Inasmuch as hydraulically generated power must be sold on 
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what is in all cases the equivalent of a peak-load basis, we 
often find installations in which 24-hour power is received from 
a distant hydroelectric plant and is supplemented, on the peak, 
by a local steam generating plant. In such a case the vagaries 
in the transmission voltage or momentary peaks in the load 
demanded on the direct-current system may result in a heavy 
overload in the alternating-current transmission. А few of 
these peak overloads will heavily affect the consumer's bill. 
Here again the synchronous converter suffers a disadvantage 
that cannot be obviated otherwise than by juggling with the 
power-factor, which is manifestly prejudicial to the distribution 
system. A motor-generator set having a slightly rising voltage 
characteristic on the generator up to normal load, followed bv a 
rapid droop, tends to take a more nearly constant load. Such 
characteristics are additionally important when the voltage 
regulation of the steam-driven local plant is bad. 

It should be pointed out that the alternating-current booster or 
induction regulator referred to under caption two of Mr. Lincoln's 
paper, permits the application of automatic relays to the system 
for accomplishing such load control, and indeed permits a more 
direct regulation of load than can be obtained with motor- 
generator sets. Оп the other hand, this introduces additional 
elements of unreliability into the system, one of which, the relay, 
is especially delicate, while the induction regulator must be very 
substantially designed if it 1s to stand up under the severe treat- 
ment to which it 15 subjected. It is obvious that neither of these 
methods permits so nearly instantaneous operation in the divi- 
sion of load as does a motor-generator. 

The elements of relative efficiency and cost would seem to 
be a function, more or less, of the specific voltage used in distri- 
buting to the various transformation units. If, for example, 
it were necessary to use such a subsidiary distributing voltage 
as 2500 or 11000 volts for works distribution, or for entrance to 
and distribution underground in a city, the element of transform- 
ing cost would be eliminated in the case of the svnchronous or 
induction motor-generator which mught operate directly at 
either of the voltages mentioned, while additional transform- 
ing equipment would have to be used with the synchronous con- 
verters. In all probability, this would still leave somewhat of 
a margin in both the matter of efficiency and of cost in favor of 
the synchronous converter, but probably not a very large margin. 
If in addition, an alternating-current booster or induction regula- 
tor were installed, the efficiency and cost, as well as the reliabilitv 
of the converter, would suffer somewhat additionally. The com- 
plexity of the equipment would also be materially increased. 
The writer is inclined to feel that a distributing system of 2500 
volts would show a worse case for the synchronous converter 
than would a distribution voltage of 11,000, inasmuch as this 
higher voltage would react much more prejudicially on the 
cost, efficiency, and reliability of the synchronous motor than 
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it would on the transformers which would probably—following 
the modern practice—be made oil-insulated for this voltage. 

In a number of cases a material advantage accrues to the motor- 
generator set from the less room it occupies as against the svn- 
chronous converter, step-down transformer, and—if this feature 
were included—the alternating booster or induction regulator. 
Whether this and a few other elements mentioned would throw 
the balance one wav or the other between the two tvpes of ap- 
paratus, would seem to be a question controlled bv the special 
considerations in anv given installation, such as the size of units 
and voltage on the distributing alternating-current transmission 
svstem. 

Н. F. Parshall (by letter): The svnehronous converter 15 
the more advantageous machine to use when the conditions of 
transmission and distribution are such that the ratio between 
direct-current and alternating-current voltage is more or less 
fixed. When the line drop is considerable, апа a constant 
or increasing direct-current voltage, according to load, has to 
be maintained, the svnchronous converter is at a disadvantage. 
When however, the reverse is the case, the synchronous converter 
has the advantages of higher efficiency, less first cost, and, in 
favorable cases, greater capacity for extreme overload. The 
motor-converter stands in an intermediate position between 
the motor-generator and the synchronous converter. It has not 
the flexibility of the motor-generator in the matter of voltage 
transformation and has not the high ethciency of the synchron- 
ous converter. Now that the development of computating 
machines for high speeds to suit the requirements of turbo- 
machines, is assuming a satisfactory status, it appears verv 
reasonable to suppose that, in most classes of long-distance trans- 
mission, the balance of advantages will lie in the use of motor- 
generator sets. In other cases, however, where the ratio of 
transformation can, from the nature of things, remain. more 
or less constant, the balance of advantages will he with the svn- 
chronous converter, so farasethciency and first cost are concerned. 

А. C. Pratt (by letter: While Mr. Lincoln's analysis of vari- 
ous means of obtaining direct current from transmitted alterna- 
ting current is fairlv stated, it must be born in mind that the 
choice of a proper medium will depend largely on the governing 
conditions of the particular installation. In all systems re- 
liability 1s essential. While 25-cvcle converters are satisfactory, 
60-cycle converters may be termed successful. But thev are 
not always a comfort to the operating engineer and are certainly 
more apt to develop internal troubles or go out of step when 
shghtly unfavorable conditions arise, than are induction or even 
synchronous motor-generators. 

In the operation of converters there seems good reason for 
providing separate motor-driven exciters, in which case voltage 
fluctuations not accompanied by change of speed will have much 
less effect on the operation. 
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In many long transmission systems voltage regulation or 
corrective effect, singly or together, are the governing conditions 
when designing a sub-station. If converters are used, either 
one of these features may be provided for with reasonable success; 
but it is by no means easy to cover both at once in such a way 
as not to affect other branches of the system unfavorably. 

А poor power-factor in the transmission system may readily 
cause a greater drop in over-all efficiency than the difference 
between the efficiency of converters and motor-generators, pro- 
vided the latter results in a good power-factor in the system. 
The ideal system transmits power current only; the idle current 
needed at various consuming points is generated at these points; 
permitting less capacity іп gen«rators, transformers, and 
transmision line, and better regulation at the consumer's end. 
The synchronous-motor generator in large size units with a 
motor of unusually ample size offers means of attaining closely 
the ideal system. 

Steadiness of speed is usually much better maintained than 
steadiness of voltage on a transmission system; therefore the 
generator of a synchronous motor-generator set will regulate 
well, and a first-class regulator applied to the exciter of the motor 
will afford the corrective effect for the alternating svstem. Under 
these conditions, alternating-current lighting and direct-current 
railroad load can often be supplied from the same bus-bars 
with excellent results. It must be borne in mind that the syn- 
chronous motor-generator requires slightly more intelligent 
supervision than induction motor-generators, but not more than 
the converter. For best results, therefore, the svnchronous 
motor should be used under immediate supervision of the trans- 
mission company. 

Another item for consideration 1s the character of the direct- 
current load as regards inertia effects. Some loads, like light- 
ing, store no energy, while some motor-driven loads store a large 
amount of energy when coming up to speed. Assuming a load 
of the latter type, supplied from induction motor-generators, 
and a momentary short-circuit cleared by time-limit. circuit- 
breakers on some one feeder out of the sub-station. During the 
short-circuit the induction motors will slow down much more 
than will the generators at the power station. The sudden re- 
moval of the short-circuit will cause a sudden rise of voltage, 
which in turn will cause a rush of current to the induction motors; 
these, hampered by large inertia, will very likely trip their 
breakers before attaining normal speed, or the speed will have 
dropped so low that the motor torque is reduced to a point 
below full-load torque, in which case there is little probability 
of recovering the load. 

Under the same conditions, if the short-circuit is not too severe, 
a synchronous motor having a high '' pull out " torque will stay 
in step and hold its load. This observation applies also with 
especial force to induction motors, of relatively low '' pull out ”’. 
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characteristic loaded with heavy shafting or air compressors, 
in which case the load torque is not reduced as speed 1s reduced. 
The same motors would show entirelv different results when 
driving centrifugal pumps. 

Leo Schüler (by letter): It may be interesting to discuss the 
subject of this paper from the European point of view, as there 
is so distinct a difference between American and European prac- 
tice. Idaresay that on this side of the Atlantic the number of 
converters in operation does not exceed one-tenth the number of 
motor-generators, while I think that in the United States the 
opposite ratio may safely be assumed. As a matter of fact, I 
do not consider the author's conclusions, which are generally 
in favor of the converter, to be quite impartial, and for the follow- 
ing reasons: ° 

I see no reason to assume “a somewhat variable frequency.” 
Governors for all kinds of prime movers can certainly be obtained 
so as to keep the speed constant within one or two per cent. and 
with proper care variations of frequency of more than one per 
cent., can certainly be avoided. We шау therefore safely as- 
sume a virtually constant frequency. 

The author assumes ''the line voltage to be too high for a 
revolving machine." this means more than about 15,000 volts; 
as such voltages are only employed in long transmission lines, 
it seems only fair to assume further that a considerable drop of 
pressure takes place on the line, say 20-25 per cent. It should 
be well understood, that with a lower pressure the comparison 
would be more in favor of motor-generators, as static transform- 
ers could be avoided. 

l. Reliability. I do not understand whv " with the motor- 
generator, other conditions тау dictate а very much higher 
motor-voltage," as static transformers are distinctly specified. 

It is true that under normal conditions the possibility of 
“ bucking " is about equal with 25-cvcle converters and direct- 
current generators. It must be kept in mind, however, that 
the sparkless running of the commutator in a generator depends 
only upon the direct current taken from 1t, while in a converter 
it 1s also affected by the conditions of the alternating-current 
system. The 60-cvcle, 600-volt converter has necessarily such 
a high pressure between adjacent commutator segments that 
it must be set quite at the other end of the reliability list. 

As I consider the synchronous-motor to be a little more 
reliable than the induction-motor, in consequence of larger 
air-gap, I should figure the reliability to be about as follows: 


€ 


25-cycle synchronous converter ] 


12 hours. 
Synchronous motor-generator | 
Induction motor-generator 14 hours. 
60-cycle synchronous converter 25 hours. 


2. Voltage regulation. There can be no doubt but that the direct- 
current voltage supplied by a motor-generator depends only 
upon the direct current taken from it, while in the case of a con- 
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verter it is greatly affected by the alternating-current voltage. 

It must certainly be assumed that the alternating-current 
voltage supplied to a sub-station by a long transmission line is 
variable, not only in consequence of the variable power consumed 
in this individual sub-station, but it also affected by other sub- 
stations, starting of motors, working of lightning-arresters etc. in 
any other point of the system. As the effect of all compound- . 
ing arrangements, with or without reactance or boosters, is 
based on the magnetizing effect of the direct current taken from 
the converter, they certainly will not respond to independent 
fluctuations of the alternating-current voltage. It 1s therefore 
impossible with converters to obtain automatically a constant 
direct-current voltage with a variable alternating-current voltage; 
this reason alone, I think, simply forbids the use of converters 
for hghting purposes in connection with long transmission 
lines. 

Summary. As the converter has certainly a distinct advan- 
tage with regard to efficiencv and costs, while there is practically 
no difference with regard to starting, I would summarize as 
follows: 

For 25-cvcles, railway or other motor circuits, converters are 
alwavs preferable. For 60-cycles, motor-generators are more 
reliable and should be adopted if costs and efficiency are not 
prohibitive, especiallv if the primary pressure is low enough 
to allow omission of static transformers. 

For lighting circuits, converters are applicable onlv if the 
alternating voltage itself 1s sufficiently constant for hghting 
purposes. 

Carl Schwartz (bv letter): -General. Synchronous converters 
are extensively used where three-phase alternating current of 
high potential and a frequency of 25 cycles 1s to be transformed 
into direct current. For the other higher standard frequency 
of 60 cycles, this type of machine 1s not nearly so satisfactory in 
operation as a motor-generator. As reliability is of prime 
importance, particularlv 1n long-distance transmission, and as 
a synchronous or induction motor-generator 1s much more reli- 
able, the converter does not need to be further considered in 
case of this or similar high frequency. 

Mr. Lincoln clearly and briefly enumerates the various ad- 
vantages and disadvantages of the three types, but on ac- 
count of the great amount of detail to be considered it is im- 
possible to balance the characteristics of the different construc- 
tions entirely against each other without taking specific cases; 
therefore the choice of one type or the other will alwavs be 
governed by the prevailing conditions. If this were not the 
case, the choice could be left to the purchasing agent instead 
of to the engineer. 

The following suggestions are offered to illustrate that a some- 
what different point of view may change some features of one type 
to the advantage of the other. 
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Reliability. Mr. Lincoln considers the converter the most 
reliable machine, quoting as an advantage that there is only one 
machine instead of two, and that a low alternating current 
voltage has to be applied. As it is assumed that in both cases 
step-down transformers are to be used, there seems to be no 
reason for applying an unsafely high voltage in case of a motor- 
generator; in this respect, then, both types should be considered 
equal, inasmuch as the voltage for a motor-generator could be 
much higher than for the converter, without impairing its safety 
beyond the comparable limit. The chances of a breakdown 
may seem twice as great, because the motor-generator contains 
two rotors and two stators, while a converter has only one 
armature, and one set of field coils. The machines are, however, 
practically alike otherwise, assuming that the motor-generator 
has two bearings only. If the case warrants, spare armatures 
and field coils can be kept in stock, minimizing the consequences 
of a break-down. 

An induction motor is less affected by line troubles than either 
of the other two constructions; on a long line this motor is most: 
undesirable, and in figuring on this type of machine, the increased 
investment in copper or capitalized line losses should be charged 
against it. 

Voltage regulation. With reference to voltage regulation, the 
converter is at a serious disadvantage. Boosters, potential 
regulators, or other devices in connection with the converter 
are undesirable additions, and influence items 1, 4 and 5, and, 
to a certain extent, item 3, in favor of the motor-generator. 
These complications were apparently not taken into account 
when comparing the machines in regard tor eliability, efficiency, 
and cost. The efhciency of the converter will be decreased 
by from one or two per cent., and its cost increased by from ten 
to twenty per cent., so in trving to make the converter equal to 
a motor-generator in regard to voltage regulation, its advantages 
may be counterbalanced to a large extent. 

Efficiency. In considering the additional costs of current 
for the motor-generator against converter, inclusive of the 
regulator, and assuming an etticiency of 85€5 and 91% respec- 
tively, the following 1s submitted: 

A low efhciency increases the direct operating expenses in 
coal, water, wages, etc., but not the fixed charges, as the power 
station will hardly be built larger on account of a slightly lower 
ethciency of transforming-devices. The cost of current рег 
kilowatt-hour can therefore be estimated perhaps closer to one- 
half than one cent., decreasing the annual additional costs for 
current in case of the motor-generator to about $950. In 
capitalizing this amount, depreciation and other fixed charges 
should be included, for the reason that if the amount capitalized 
is invested in equipment it will have to be treated like other 
portions of the system. 

Using 10% to cover all fixed charges, the annual extra costs 
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for current represent an investment of $9500, or $19.00 per 
kilowatt capacity. The exact amount will depend on local and 
other conditions, and the difference may be still lower; for 
instance, in case of a water-power plant, or if the operating 
costs should otherwise be lower than five cents. 

In most instances it will be almost impossible for the engi- 
neer to decide definitely which type of machine should be 
selected, before bids have been obtained, based upon specifica- 
tions, outlining carefully all requirements, and leaving room for 
the manufacturer to specify the characteristics of the equipment 
he is able to offer. 

Guido Semenza (byletter): The only point not put forward 
in this paper is, perhaps, the one excluded by the assumption 
" that the line-voltage is too high for a revolving machine and 
must be transformed before utilizing." "This 15 often not the case, 
at least in Europe, where synchronous motors wound for 12,000 
volts are in regular operation. Some firms would not hesitate 
to construct them for still higher voltages. 

In such cases the cost of installation, the floor space occupied, 
the switching apparatus, and the efficiency of the motor- 
generator set are not very different from those of a converter with 
its transformers. Thus for primary voltages up to 8000 volts, 
in view of its other advantages, the motor-generator is gen- 
erally preferred. 

In Europe the use of converters is not so general as in the 
United States. This machine has been highly perfected in 
America, and its advantages have been only lately acknowledged 
on the old continent. Then again, for countries where hydraulic 
power is available, and long-distance transmission is the rule, 
there are special reasons for the preference being given to 
motor-generators, as I shall try to explain. 

In the matter of power transmission and distribution manv 
differences exist between one plant and another. We have, 
for instance, power plants of the type of the New York Edison 
Company's, in which the alternating current generated 1s mainly 
converted to direct current in a number of sub-stations belonging 
to the same companv. The alternating voltage is then very 
carefully controled in the power house, in order to obtain the 
best direct-current regulation, and all systems used in the dif- 
ferent sub-stations to control the voltage are there working in the 
best condition. 

Assume, for example, a long-distance power transmission, sav 
100 miles long, from a waterfall. Consider that the power is 
sold in the neighborhood of the station, at the end of the line, 
and along the line. Suppose further, that there is a steam 
station working in parallel for overcoming the winter peak. We 
see that these conditions are quite different from those of the 
first instance, and voltage regulation cannot be done except 
to take care of the converter sub-stations. 

In such a type of plant, rather common in Europe, converters 
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can be put in for railway work, but it would not be very easy 
to obtain a good direct-current lighting service. In such cases 
motor-generators are preferred. 

In plants of the above kind, the ‘ corrective effect" of svn- 
chronous machinery, if any be used, is very important in order 
to correct the low power-factor given by induction motors. 
What Mr. Lincoln says on this point is quite right: it is much 
easier to control the corrective effect with synchronous motors 
than with converters in which the corrective effect and direct 
current are interdependent. I would let customers use syn- 
chronous motors, and I would not allow them to use converters 
on а somewhat complicated distribution plant, as they would only 
take care of their direct-current regulation without paying any 
attention to the power-factor. 

Another matter in connection with long-distance trans- 
mission is the parallel running. It 1s well known that when the 
ohmic resistance of the line 1s tuo high, also good synchronous 
machines are apt to hunt and sometimes to such a degree as to 
get out of step. This is an extreme condition, but a certain 
amount of hunting mav easily occur. 

[t is also known that by adjusting the excitation this hunting 
may be reduced. [t is evident that in these conditions the 
motor-generator offers a great advantage, as this regulation 
can be done without affecting the direct voltage. 

All these considerations show that the problem proposed 
cannot be solved in a general way: there are conditions in which 
the converter is, no doubt, the best adapted machine; there are 
others in which only a motor-generator ought to be used, and others 
also 1n which the use of either is equallv as good. 

On the comparison of synchronous versus induction motors, 
| must say that for driving-current dynamos the svnchronous 
motor is, in a general way, for тапу reasons preferable. It 
is not alwavs true that after a momentary removal of the volt- 
age from its terminals the induction motor will resume operation 
automatically: if it 1s well loaded it will often shut down and 
cause its own circuit-breaker to open. when the voltage is re- 
stored. 

The use of induction motors has to be resorted to only 1n case 
starting from the direct-current side is not possible. When 
starting on the alternating-current side causes too much 
trouble, and in the case of very long transmission lines where 
some difficulties are. experienced. with parallel running. 

B. C. Shipman (bv letter): Reliability. If reliability were 
the sole requirement of the problem, the induction motor- 
generator would, in mv opinion, be the best transforming ap- 
paratus to use. Mr. Lincoln states no defects under this head 
against the induction motor-generator, except that higher 
voltages than 700 on the motor may be required by certain 
conditions. If the choice were between synchronous converters 
and induction motor-generators on the ground of reliability 


1907] DISCUSSION AT NEW YORK 1563 


alone, certainly whatever voltage was available for a synchron- 
ous converter would also be available for the induction motor- 
generator. Therefore there would be no advantage on this 
point for either piece of apparatus. Of course it might be 
much more desirable to use a higher voltage, and the induction 
motor-generator would lend itself readily to this condition. 
Even so, I think the latter apparatus would still be on a par 
with the synchronous converter, as it is much more easily in- 
sulated and less susceptible to injury than a commutating ma- 
chine. 

The strong point of the induction motor-generator is pointed 
out in the paper; namely, automatic resumption of operation 
after an interruption to the service. All the weak points of 
the synchronous converter, however, are not covered. Syn- 
chronizing takes more or less time, certainly more than it takes 
to get an induction motor on the line, and it has to be done 
more frequently. ''Bucking" of a synchronous converter 
also takes place more frequently than of a similar direct-current 
generator, for several reasons aside from the sudden removal 
of load. ''Pumping", or even sudden aperiodic changes of 
speed in the prime movers, will cause a synchronous converter 
to "buck". In such cases there is a shifting of the field similar 
to that caused by the sudden removal of load. A synchronous 
converter, is also more often reversed by bucking than is a direct- 
current generator; hence its greater tendency to bucking counts 
considerably against its reliability as compared with a similar 
direct-current machine. Therefore I would change the num- 
bers given in Mr. Lincoln's paper showing the relative amounts 
of time the respective machines are out of service, as follows: 


Induction motor-generator............ 10 
25-cycle synchronous converter........ 14 
Synchronous motor-generator........... 17 


Voltage regulation and corrective effect. I concur in all the 
author's remarks under these heads. I have noted excellent 
regulation of direct-current voltage from a svnchronous con- 
verter equipped with an induction regulator, when supplied 
from generators whose other load was street railways. 

Parallel operation. Of course with similar units, parallel 
operation presents no difficulties or disadvantages of [one type 
over another. Sometimes, however, if a synchronous converter 
or a synchronous motor-generator is operated in parallel with 
an induction motor-generator, there is trouble in making the 
units divide the load properly throughout the full range. As- 
suming à constant frequency and voltage, the induction motor- 
generator will have to be compounded decidedlv more than the 
direct-current end of either synchronous unit. A variable fre- 
quency or voltage, or both, will interfere with any fixed adjust- 
ment, so that under the conditions laid down in the paper 
under discussion, hand regulation would probably be necessary 
to effect good distribution of load between units. 
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Summary. In general, I agree with the author that in the 
majority of cases with conditions under discussion, the syn- 
chronous converter has the advantage. 

Miles Walker (by letter): 1 am interested in Mr. Lincoln's 
paper on account of the discussion which has recently taken 
place in England between the advocates of the converter on the 
one hand, and the advocates of the motor-generator and the 
cascade motor-converter on the other. 

It 1s mainly in the case of 50-cycle and 40 cvcle-transmissions 
that difference of opinion exists as to the merits of the various 
types of machines. In the case of 25-cycle transmission the 
superiority of the converter for most purposes 15 generally ad- 
mitted. 

The Bruce Peebles-La Cour cascade motor-converter is now 
much used in England for transforming 50-cycle alternating 
power into direct-current power. Оп the other hand, the 50- 
cycle converter is also widely used, and the excellent perform- 
ance and great stability of modern designs are fast overcoming 
the prejudice which existed in England against high-frequency 
synchronous converters. 

In most cases where the matter is discussed in England, it 
is not permissible to assume that the line voltage is too high 
for a revolving machine and must be transformed before utiliz- 
ing, because generally the line voltage is only 6,600 or 11,000, 
and with motor-generators the use of transformers is obviated. 
Notwithstanding this advantage in favor of motor-generators 
and motor converters, it can generallv be shown that the use 
of transformers and converters is preferable on account both 
of reliability and economy. 

Reliability, The risk of breakdown of a converter and its 
transformers is less than that of a motor-generator set. If 
one transformer out of three breaks down, it is possible to run 
with only two, and it is easy to substitute a spare transformer. 
It takes along time to rewind a motor-converter. 

I have seen a 50-cvcle converter take six times full-load 
current momentarily without '' bucking ” or getting out of step, 
so it cannot be said that it 1s a. delicate machine. It will not, 
however, stand a dead short-circuit. 

I know of a case where three 1000-kw. 40-cvcle converters 
have been installed for electrolytic work where continuity of 
service is of vital importance, because in case of a shutdown 
some hundreds of cells of molten electrolyte have to be refilled 
from a furnace at enormous cost. The plant has now been in 
operation six months without anv failure on the part of the con- 
verters, although some motor-generators alongside of them 
have already been out of service more than the 17 hours al- 
lotted to them bv Mr. Lincoln. 

Voltage regulation. I agree with what Mr. Lincoln says in this 
division of the subject. The method of introducing self-induc- 
tion into the transformers is applicable to most cases where a 
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range of only 10% is required in the adjustment of the direct 
voltage. The power-factor on load need not be varied 
more than between the limits of 95% lagging and 95% leading 
current. In many cases the required adjustment is only 54, 
and the power-factor need not depart more than one or two per 
cent from unity. Very few users object to a leading power- 
factor, particularly at heavy loads. . 

Corrective effect. 1 agree with what Mr. Lincoln says in this 
division of the subject. 

Efficiency. In dealing with this matter in England, we have 
generally to consider the losses in the transformers as well as in 
the converters, because these are in competition with cascade 
motor-converter sets on which very high efficiencies are guaran- 
teed (9395 on the 500-kw. size). 

The converter and transformers are however still ahead in 
efficiency. It 15 safe to guarantee 94% on the 500-kw., 500-volt 
rating for the over-all efficiency of the converter and trans- 
formers and this without rating up the converter so high as to 
spoil the overload guarantees. 

А well-designed 50-cycle converter can take very heavy over- 
loads without commutation or heating troubles. It 15 there- 
fore safe to keep it loaded to the full in cases where it would 
not be advisable to keep motor-generators fully loaded on ac- 
count of fear of sudden demands for power, so that in taking 
the all-day efficiency of a converter, it is fair to take the efficiency 
at a higher percentage of the load than with а: motor-generator. 
Here is a case in point: at a certain sub-station belong- 
ing to the North Eastern Railway Company the load fluctuates 
between almost zero and 1600 kw. A load of 1200to 1600 kw. 
lasts at times for about one minute. The whole of this load is 
taken by one 800-kw., 40-cycle converter. Compare the ef- 
ficiency of this sub-station with what it would be if the converter 
were replaced by, say, two 500-kw. motor-generators. 

J. B. Whitehead (by letter): Under the author's assumption 
that transformers are used with all three types of machine, his 
conclusions appear reasonable. Attention may be directed, 
however, to the many instances of moderate transmission dis- 
tance and voltage in which it is possible to apply the line volt- 
age directly to either tvpe of motor-generator, but to the con- 
verter only through the medium of transformers. The relative 
position of the motor-generator under such circumstances is 
bettered, not only as to reliability, but also as to efficiency and 
cost. Considering reliability, this improvement would be greater 
in the case of overhead than in the underground transmission in 
cities. The figure for the efficiency of transformer and converter 
becomes about 9195, the figures for the motor-generators 
remaining the same. The relative cost will now be approxi- 
mately: converter and transformers 82€,, motor-generators 
100%. In many instances these differences may be suthcient 
to outweigh the more general choice of the converter, and 1n- 
dicate the motor-generator as the proper machine. 
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DISCUSSION ON ' THE PRACTICABILITY OF LARGE GENERATORS 
WOUND FOR 22,000 Уо1тѕ,” at NEw York, MARCH 22, 1907. 


(Subject to final revision for the Transactions.) 


B. A. Behrend: I stated that hydraulic turbines for large 
capacity, of 7500 kw. or above in individual units, are not 
likely to be of great importance at the present. The extensions 
at Niagara Falls may contain such large individual units; I 
hardly think that for the Victoria Falls of the Zambesi, units of 
7500 kw. will be installed. Our chairman, Mr. Mershon, will 
probably bear me out when I say that the units for Victoria 
Falls will be about five thousand kilowatts. In all these cases 
the line potential will be high, and, therefore, the generators 
will not have to be wound for very high potentials. I believe, 
therefore, that my statement, that water-wheels need not 
seriously be considered as prime movers for large generators 
wound for high potential, is correct. 

Let us take for example the system of the Interborough Rapid 
Transit Company of New York, in which generators wound for 
11,000 volts are used; if the capacity of this system were larger 
and the area of distribution greater, 22,000 volts would have 
been seriously considered as the potential of the generators, 
rather than install units of 6600 volts or 11,000 volts transforming 
from this voltage to 22,000 volts. It must be distinctly under- 
stood that the potential of the generators 1s altogether dependent 
upon the conditions of the system of distribution. 

I agree with Mr. Lincoln that reliability is more important 
than cost. To be able to keep a plant going 1s, in my opinion, 
the most important thing from the standpoint of the manufactur- 
ing and operating engineers. I want to call attention to the 
fact that repairs on high-speed generators are more difficult to 
make than on low-speed generators, as the coils are larger and 
more difficult to handle. This relates especially to turbo- 
generators and it forms, therefore, another weighty consideration 
against the use of high voltage in turbo-generators. Small 
hydraulically operated power plants in which 600 or S00 kilo- 
watts are generated, will be simpler if no oil-filled transformers 
have to be used. As these plants are sometimes located in the 
mountains, this may be an advantage in certain cases. These 
generators are usually easy to repair, whereas repairs on oil- 
filled transformers take considerable time. Few power plants, 
therefore, care to depend upon repairs of transformers, but prefer 
touseasparetransformer. The 150-kw. generator which has been 
referred to in this paper was wound in two days, including the 
making of all connections. In Fig. 1 of this paper there are 
shown two efficiency curves, the one marked ‘A ” referring to 
a 150-kw., 2200-volt, 600-rev. per min., 60-cycle, three-phase 
generator, and the other marked “ В” referring to a 150-kw., 
22.000-volt, 600-rev. per min. 60-cycle, three-phase generator. 
I have also plotted a curve which represents the difference in 
losses between ''.A" and * B”. This loss corresponds to the 
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loss in transformers used in connection with the 2200-volt 
generator, therefore, the efficiency of the high-voltage generator 
would be approximately equal to the efficiency of the low- 
voltage generator with the transformers. As far as I can see, 
the efficiencies are nearly the same in both cases. In Fig. 2 
there will be found the regulation curves of the 22,000-volt 
generator, showing a regulation of 4 per cent. at a power-factor 
of 100 per cent. The temperature rise of the armature coils 
at 3.5 amperes is 16 or 17 degrees by resistance, and only 10 
degrees by thermometer. I want to call particular attention to 
the difference in temperatures between the outside of the coil and 
the inside, so that, the temperature rise on the inside being, for 
instance, 60 degrees, the temperature on the outside might be 
only 30 degrees. 

C. E. Skinner: The feasibility of using generators of 20,000 
to 25,000 volts has been of very great interest to me for a number 
of years. Їп my opinion there are three main factors which 
must be considered in any discussion involving the use of these 
higher voltages directly on the generator: 1. cost of installation; 
2, reliability of service; 3, performance of plant. 

Cost oj installation. I do not agree with Mr. Behrend that 
the question of cost can be left out of the discussion. I put the 
question of cost of first importance. Generators of 20,000 volts 
and above would hardly be considered at all for use in trans- 
mitting directly without the use of transformers unless there were 
some gain in cost. The decreased cost of such an installation 
of generators where 20,000 to 25,000 volts are used results from 
the omission of transformers, and some switchboard apparatus, 
and the requirement of less space for installation. Generators 
for a given output will be larger for the higher voltages, more 
lightning protection will be needed, and, according to Mr. 
Behrend's figures, a larger amount of money will be tied up in 
spare parts, particularly with relatively small plants. It 1s 
difficult, if not 1mpossible, to make a general statement as to the 
relative cost of the two systems, as much depends on the size 
of units, the amount of power to be delivered, and the general 
requirements for handling the system. Without having made 
actual calculations, I believe that there are many cases where 
the cost of installation would be equal, 1f not greater, with high- 
voltage generators than with low-voltage generators and trans- 
formers where sufficient margin 1s allowed in spaces to insure the 
same reliability of service. | 

Assuming a plant of 10,000 kw. total, with generating units 
of 10,000 kw., the capacitv of machinery installed would have 
to be double the output on account of requiring spare parts. If 
units of 5000 kw. are used, 50% must be added to the equip- 
ment. If the same plant is equipped with low-voltage generators 
and step-up transformers, it is my opinion that no spare 
generator would be required. If but one unit is used with three 
transformers in delta, it will be impossible, in case one trans- 
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former breaks down. to operate without additional trans- 
formers —using two transformers in V. If the transformers are 
star-connected, one-third additional capacity in transformers 
would be required if a spare transformer is carried. Many plants 
operate vear in and vear out without spare transformers, and 
with much higher voltages than it is possible at the present time 
to use directly on the generators. 

The constructional difficulties of high-voltage machines are 
much greater than with low-voltage machines and transformers. 
In a unit of anv given size the number of conductors increases 
approximately in proportion to the voltage, and the cross-section 
of the conductor decreases inversely as the voltage. Armature 
coils are therefore mechanically much weaker, and, where the 
coil-throw is long—as in low-frequency machines, particularly 
low-frequency turbo-generators—the question of coil supports 
becomes more difficult as the voltage is increased. 

Static and lightning troubles increase as the voltage increases; 
consequentlv, even for the same number of volts per turn, the 
insulation between turns must be greater with the higher 
voltages. The outer insulation. increases approximately in 
proportion to the voltage. As a result the copper space in a 
given size of slot rapidly decreases and will eventually disappear. 
Very large slots are therefore necessary, and, to further the 
economy of insulation, the coils must be reduced to the lowest 
‘possible number. 

Reliability of service. High-voltage machines are necessarily 
more subject to break down from all causes than are low-voltage 
generators; thev are also harder to protect from lightning dis- 
charges of the same voltage. Repairs for the average machine 
are more ditficult to make than for the average transformer of 
the same voltage. This feature has, no doubt, influenced Mr. 
Behrend in making the statement that it is necessary to carry 
complete spare parts for high-voltage generators. 

The question of lightning protection is of great importance in 
any transmission system, and I believe the concensus of opinion 
among experienced engineers is that a generating station consist- 
ing of low-voltage generators with step-up transformers will be 
far easier to protect than a similar station using high-voltage 
generators, assuming the generator voltage to be between 20,000 
and 30,000 volts. I have recently visited two stations using 
generating voltages between 20,000 and 30,000. The first has 
been in operation for some time, delivering power to the Valtellina 
Railway near Lecco, Italv. The generators are 20,000-volt, 
3-phase, 15-evcle, direct connected to water wheels. That the 
lightning problem is a serious one at this station is proved by 
the fact that even though a large variety of lightning-arresters 
is installed, on several occasions the burning out of a generator 
has resulted from lightning discharges. At the time of my 
visit, additional tvpes of lightning-arresters were in the station 
ready for installation in the hope that they would give relief from 
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this difficulty. The second station referred to was not in opera- 
tion; this is the Subiaco- Rome transmission, the generators 
being water-driven and the generating voltage 28,000. The 
whole installation including generators, switchboard, ete., is 
beautifully simple, but it remains to be seen whether this sim- 
plicity will exist after one or two seasons of operation. 

Performance of plant. As before stated, high-voltage genera- 
tors necessarily require open slots, the slots must be larger than 
those for low-voltage generators; and for economy of insulation 
the minimum number of coils must be used. This results in 
relatively high iron-losses and relatively poor regulation. At 
the present time there seems to be very little demand for 20,000- 
to 25,000-volt apparatus, except as additions to plants built 
some years ago. 

Mr. Behrend says that steam turbines of 10,000 to 15,000 kw. 
and even 25,000 kw. will soon be developed and put into success- 
ful operation. There are already in operation a number of units 
which, while not rated at 10,000 kw. are, virtually of this capa- 
city, and there are under construction steam-turbine units of 
10,000 kw., with an overload guarantee. From 11,000- to 
13,200-volt generators are in successful operation in this country ; 
and one plant, the Los Angeles Edison Company, has been 
operating 7500-kw., 16,500-volt generators for some time. 

I agree with Mr. Behrend that generators wound for voltages 
of from 20,000 to 25,000 are entirely feasible and that as soon as 
there is any real demand for such machines they can be success- 
fully made. As before stated, it is chiefly a matter of cost, and 
it is also a question whether or not they are worth while. It is 
well known that a well-distributed winding gives better results 
both as to the performance of the generator itself and of other 
apparatus on the circuit, especially synchronous apparatus. 
The high-voltage generator plant is therefore at some disadvant- 
аре as compared with the low-voltage generator, step-up trans- 
former plant in this regard, If large amounts of power are to 
be transmitted some distance, there will be used voltages 
higher than it is possible to use on generators at the present time. 
If for transmitting relatively small amounts of power within 
distances which сап be reached by 20,000-volt transmission, 
the individual case must be considered. The cheapest outfit 
that wil give equal reliabilitv of service will, without doubt, 
be selected in every case. The use of such transmission plants 
would be limited to districts where large amounts of power are 
to be transmitted comparatively short distances; for instance, 
for railway service in large cities such as the present system in- 
stalled in New York City, this being at the present time 11,000 
volts. Increasing this voltage of 11,000 to 25,000, involves 
the subject of cables, etc., and requires very careful working 
out in order to determine whether or not there would be real 
economy in the increased voltage. For transmitting smaller 
amounts of power to greater distances, it is my opinion that 
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the most popular method for some time to come will be the low- 
voltage generator with step-up transformers. 

[n regard to possible size of steam turbines, I think that units 
of 25.000 kw. are even now within reach. The steamships 
Lusitania and Moritania, now building on the river Clyde, will 
have steam turbines as their motive power, the turbine units to 
be something hike 30,000 h.p. If such machines can be built 
for steamship service, thev are, of course, available for the 
driving of electric generators, and generators of this capacity 
will without doubt be developed commercially as soon as there 
is a real need for them. 

W. S. Murray: In matters of this kind cost must ever enter 
as an important factor. Though it may be possible, by a com- 
bination of the generators and transformers, to equip a generat- 
ing plant for the same money as that required to pay for genera- 
tors without transformers, yet it seems to me that such a com- 
bination should not be considered until necessity makes its 
development imperative. Also, there is no doubt but that in 
creating high voltages in a generating apparatus, the active 
conductors of which are limited to a few coils, there is also created 
very poor regulation. High-voltage apparatus will therefore 
drive the designer from well-distributed windings to coil-wound 
armatures. 

I wish to support Mr. Skinner's statement in regard to the 
protection of the station by means of transformers. If there are 
great transmission distances, naturally the voltage has to be 
increased, and under these conditions there is no better lightning 
protection than well-designed step-up transformers. 

Though Mr. Behrend contends that the repairs on transformers 
are rather difficult to make, still it should not be forgotten that 
the cost of equipping a step-up station with spare transformers 
is much less than that of equipping a station with spare genera- 
tors. 

Mv conception of a well-designed high-voltage power house—- 
bv high voltage I mean 20,000 volts ог more—4s that of a fort, 
the ramparts of which are the transformers; they take most of 
the hard blows. It is not necessary to compare the damage by 
lightning in a plant having transformers between the generator 
and the line with a plant that is not equipped in this way. 

In view of the fact that the gencrator-transformer combination 
affords better lightning protection, I admit that I shall remain 
heartily in favor of step-up apparatus until a real case 1s made 
out for high-voltage machines. 

A. H. Armstrong: The design of any type of apparatus must 
be governed by commercial demands. Generating and trans- 
mitting svstems may be divided into two broad classes; those 
centering in and about large cities and operating at from 6,000 
to 11,000 volts, and those having an unlimited area of dis- 
tribution calling for potentials of 33,000 volts, 44,000 volts, or 
higher. 
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Mr. Behrend would have us believe that the choice of trans- 
mission potentials is dictated by the limitations of generator 
design and that the installation of 5,000 and 10,000 units offers 
the opportunity for higher generator potentials, and hence 
permits the adoption of higher distributing potentials in and 
about cities. I cannot take this view of the matter, as the 
potential of city distributing systems is limited by other con- 
siderations than those of machine design. To substantiate this 
statement I would point out that the generators with highest 
voltages are not the large units used in city generating stations 
but the smaller units used in interurban railway and general 
power distribution systems. The manufacturers are perfectly 
willing and able to build generators for higher potentials than 
11,000 volts, but the fact that low potentials are still adhered 
to in city distributing systems bears out my statement that the 
potential of such a system is dictated by questions of reliability 
of cable distribution and the general needs of the distributing 
system rather than by any inability or unwillingness of manu- 
facturers to construct machines for 15,000 or 20,000 volts. 

While generators may be wound for 15,000 to 20,000 volts, 
these potentials fall far short of the requirements of a general 
distributing system outside of large cities. The history of such 
distributing systems indicates a tendency towards large genera- 
ting stations feeding over considerable areas at the highest practi- 
cable potential; and the potentials required are so much in excess 
of what can be accomplished in репєгаіст design that it would 
seem, considering the transmission problem broadly, that the 
low-potential generator used in connection with step-up trans- 
formers must continue to be considered the best engineering. 

Furthermore, both railway and general transmission systems 
are constantly expanding over increased areas, and the history 
of such systems has been to call for a much higher potential than 
that adopted in the original installation. The flexibility pro- 
vided by low-voltage generators and step-up transformers takes 
care of the needs of the expanding system, while it is very proba- 
ble that a high-voltage generator wound fer the original trans- 
mission potential would ultimately be used in connection with 
step-up transformers. 

W. L. Waters: The best answer to an inquiry as to the 
practicability of large alternators wound for 20,000 volts is that 
such alternators have already been built and are in operation. 
I would modify somewhat the history of high-voltage alternators 
from that given by Mr. Behrend. The first high-voltage alter- 
nators were the 10,000-volt, 1000-kw. Deptford alternators 
built by Ferranti in 1889. Then in 1897 came the 15,000-volt, 
1800-kw. Paderno alternators built by Brown Boveri, and then 
in 1900 came the 20,000-volt, 1050-kw. alternators built by 
Schuckert for the Valtellina line. 

The practicability of building high-voltage alternators de- 
pends entirely on the nature of the workmanship put into them, 
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The design of such alternators is similar to that of 6600-volt 
alternators; the only point for the designer to take care of is to 
make the work on the armature winding as easy as possible 
for the shop. After this is done, it is altogether a question of 
careful and skilful work in the armature-winding department. 
The larger the output of the alternator the easier it is to make 
a satisfactory high-voltage armature coil, as the conductors per 
slot are fewer and thev are of larger section and consequently 
more rigid. [t is only with alternators of small ampere capacity 
that serious difficulties arise. 

Mr. Behrend mentions a 150-kw. 22,000-volt alternator which 
has been in operation for sometime. Mr. Behrend is not par- 
ticularly specific as to the conditions of load under which this 
machine has been operated. As far as can be seen from the 
paper, this machine was operated under a steady svnchronous 
motor load. This 1s not nearlv so severe a test as that where 
an alternator is continually subjected to sudden variations in 
load, heating and cooling, being taken off and thrown on the 
line, and possibly short-circuits. It is quite possible that Mr. 
Behrend would have a different experience with that alternator 
if it were operated in some small power station on a high- 
voltage line. 

Breakdowns of the insulation to ground or between phases 
rarely happens. On high-voltage alternators, breakdowns vir- 
tually alwavs start as short-circuits between the individual 
turns of acoil. In regard to their hability to such short-circuits 
between conductors in the same coil, it is my experience that there 
is very little difference between 6000-volt alternators and those 
of higher voltage. These short-circuits are apparently caused 
partly by sudden surges on the line, and partly by the gradual 
deterioration of the insulation due to the vibration of the in- 
dividual conductors in the coil. This gives as a first requisite 
of a high-voltage alternator, that it must have the insulation 
on each conductor as good and as permanent and as strong me- 
chanicallv as possible, and that the conductors must be held 
perfectly rigid both in the slot and outside. This practically 
means the abandonment of the scheme of threading the con- 
ductors through a closed insulating tube. Though this con- 
struction has been standard in Europe for high-voltage work, 
and has been used to a certain extent in this country, I think 
we shall find that it will gradually be abandoned in favor of the 
form-wound and subsequently insulated coil for all high- 
voltage work. It is almost impossible to make a perfect high- 
voltage coil out of small wires, such as would be used on a 150-kw. 
22.000-volt machine, as such a coil could not very well be made 
sufficiently rigid to last anv length of time. For this reason I 
think that about 30 amperes is the maximum current capacity 
for which high-voltage alternators can be constructed; with verv 
careful shop work, 30-ampere alternators can be constructed 
up to 30,000 volts. With steam-turbine alternators there are 
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hable to be extra difficulties on account of crowded space avail- 
able for the end-connections, but this crowded space 1s chiefly 
due to the demand for small floor space for these alternators, 
and extra space will probably have to be allowed for 25,000-volt 
machines. If this were done, there would be no more dift- 
culty with a steam-turbine alternator than with any other 
alternator of like capacity. 

The demand for such high-voltage alternators would practi- 
cally be limited to systems operating with 20,000-volt lines. 
If such a system were of comparatively small capacity and 
operating on overhead lines, 20,000-volt generators would hardly 
be desirable, as the supervision would probably not be of the best 
and the danger of operating directly on a overhead line would 
be too great on account of possible lightning troubles, so that 
probably in this case the usual system of a low-voltage generator 
with transformers would be used. For large city power system 
work, there would be undoubtedly a certain demand for such 
generators, especially as 20,000-volt cables are now in use. In 
such a case, a 20-000,volt generator would be somewhat simpler 
than a low-voltage generator and transformers, and probably 
somewhat cheaper. If a demand for such 20,000-volt alternators 
does arise, I think that they can undoubtedly be manufactured 
to operate as reliably as 6000- and 12,000-volt machines. 

H. G. Stott: Mr. Behrend's able and suggestive paper upon 
the characteristics of high-tension generators raises the point 
for discussion of whether we need them or not. I believe that 
the ultimate solution of this matter lies, not in the generator, but 
in the question of how far we dare go in voltage in underground 
cables. 

With high-tension transmission, oil-cooled transformers are 
now invariably installed in all cases where the voltage is above 
20,000, as the advantages to be gained by the oil acting as insu- 
lation are now fully recognized bv all. 

The transformer as a piece of lightning protective apparatus 
is a most important consideration, as very few cases are on record 
of generators being injured bv lightning when transformers were 
interposed between them and the line. If a transformer were 
destroyed by lightning, it could be cut out in a few minutes, 
whereas if a generator were struck, the repairs to it would 
cover several days. 

Professor Ryan's classical paper, read before the Institute two 
years ago*, showed that owing to the concentration of electro- 
static stress on a conductor, there was a limiting diameter of 
copper for each voltage, below which it 1s not safe to go; so that 
unless very large quantities of power are to be transmitted, 
nothing is gained by increasing the generator voltage. 

The limit of generator voltage would thus seem to be 
determined by considerations entirelv outside of the machine 
itself. 


* ‹ The Conductivity of the Atmosphere at High Voltages,” by Harris 
Ј. Ryan. Transactions A. J.E. E., 1904. Vol. XXIII, p. 101, 
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Percy H. Thomas: The practicability of 22,000-volt genera- 
tors must evidently depend largely upon their capacity and 
also upon the speed and other features of the design which will 
be determined by the conditions of the plant. Whatcan readily 
be done in generators of the size and type of those in the Inter- 
borough Rapid Transit Company’s 59th street power house, is 
hardly practicable in a small generator requiring fine wire wind- 
ings. 

Although the high-tension generator eliminates transformers 
and some switches, and perhaps switchboards, it has the dis- 
advantage in parallel operation that all high-tension lines must 
be electrically connected; whereas with low-voltage generators 
and step-up transformers, paralleling may be done on the low- 
tension bus-bars, thus electrically disconnecting the high- 
tension circuits from one another where found convenient. 

The importance of this point must not be overlooked. Further 
experience with large high-tension systems will probably demon- 
strate that a material increase in reliability of operation will be 
obtained by maintaining electrically separate the naturally 
separate divisions of the transmission system. For example, 
where power is transmitted over different routes to the same 
sub-station, or to an entirely different sub-station, no limitation 
of capacity will result by paralleling on the low-tension, if as is 
usual the capacity of a single line is equal to that of one or more 
groups of transformers. By this arrangement, the direct effect 
of lightning discharges, grounds, and short-circuits occurring in 
one of the separate lines is practically nothing on the others; 
with the present frequent paralleling of the whole system on 
the high-tension, however, each high-tension disturbance of a 
severe character equally endangers virtually all of the transmission 
system. 

A good example of the seriousness of this condition is the 
accident and shutdown described by Dr. Steinmetz before the 
Asheville Convention, in 1905. In this case a large electrical 
railway plant operating all its high-tension apparatus from a 
common bus-bar was shut down for a considerable length of 
time by several simultaneous failures of cables and other appa- 
ratus, presumably all resulting from a single break. This 
system had high-tension generators; had it been supplied with 
low-potential machines and step-up transformers and had each 
sub-station bcen operating independently on its high-tension 
lines, or had it been otherwise possible to obtain this electrical 
independence, it is very likely that this breakdown would have 
involved only the sub-station in which the original break occurred, 
leaving the road perfectly able to operate its entire system. I 
do not mean to express the opinion that under all conditions 
this is sutficient reason for foregoing all the advantages of high- 
tension multiple operation or high-tension generators, but 
simply to say that I believe this condition must be taken into 
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account and that actual experience with high-tension plants 
is such that it should receive considerable weight. 

The matter of insulation must receive the most careful atten- 
tion in high-voltage generators, not only insulation between 
.windings and core:and between overlapping coils of different 
potential, but between turns of windings especially near the 
leads. The concentration of potential on the outer turns of a 
transformer connected to a line subject to " static" is well 
known. This same condition must, of course, exist in a high- 
tension generator connected to such a line, and in most cases 
substantial protection or sufficient insulation between turns is 
much more difficult to obtain. For instance, the peculiar 
shapes of the armature coils found necessary for mechanical 
reasons, renders it difficult to get the high insulaticn strength 
between adjacent wires or layers. In view of the inductance of 
these coils and the capacity of the windings of the core, there will 
always be a strong tendency for static disturbances to pass be- 
tween turns in such coils. The chances that such static puncture 
will result in a short circuit supported by the generator electro- 
motive force are exceptionally good. It is often said that 
additional insulation may be used in the coils nearest the line 
to meet this danger; this method is generally impracticable, 
however, since the increase in strain upon these coils 1s not of a 
reasonable magnitude, say two or three times, but may be ten or 
twenty times the normal strain. The conditions rapidly become 
more severe as the voltage rises. Personally, I believe that 
usually on the higher voltage machines the only practicable 
solution is in protective apparatus. As a matter of actual 
experience, the short-circuit of coils of high-tension generators 
connected to lines, except in favorable conditions, such as are 
often found in very large 10,000 generators, 15 a serious handicap. 

On the other hand, it 1s usually found that the numerical 
constants, involving the number of turns and exposed surface 
of the coil, are such that a choke-coil will be much more effective 
in protecting a high-tension generator than it will in protecting a 
high-tension transformer. In many cases it is likely that a static 
interrupter will be found more economical in space and cost than 
an equally powerful choke-coil. 

It is an unfortunate fact, borne out bv examples in actual 
service, that the short-circuiting of an end-coil in a high-tension 
generator operating on a transmission line throws the original 
strain, possibly only slightly reduced in intensity, directly upon 
the second coil, which will then often break down, and the 
third coil will in turn be subjected to similar conditions, etc. 
I have in mind one case where such a discharge passed across 
coils all the way from one generator lead to another, the marks 
being traceable in nearly all the coils. In many cases there 
were pittings of the wires showing the following of current sus- 
tained by the generator. 

I wish to urge strongly the importance of protecting against 
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the unusual susceptibility of a high-tension generator to short- 
circuits between turns of the end-coils, when subjected to 
static strains. A single breakdown in a generator disables the 
whole machine, whereas one of a group of three transformers 
in delta may be spared without serious inconvenience. 

Philip Torchio: Not long ago 1 happened to deal with a large 
water-power proposition in which the conditions seemed to 
warrant the use of 22,000-volt generators, as the total length 
of the transmission line was about 15 miles, with a total capacity 
of 30,000 to 40,000 kilowatts. Manufacturers were asked to 
make a preliminary study for machines of 2250 kw. 25,000 volts, 
3-phase, 60-cycle, 112.5 rev. per min. Under these specific 
conditions it was found that the costs and efficiencies of genera- 
tors of different voltages would be approximately as follows: 


Voltage of Relative Relative 
alternator cost efficiency 
2,300 100% 96% 
15,000 130% 95.26 
25,000 155% 94.20 


From the above it would appear that as far as cost and 
efficiency are concerned, there would be hardly any difference 
between the low-voltage generator with step-up transformer 
and the 25,000-volt generator. On the other hand, if step-up 
transformers are used, great savings can be made in the copper 
and transmission line by raising the voltage higher, say, to 
44,000 volts, which can now be made as entirely safe to operate 
as the lower voltage, and probably, in connection with oil trans- 
formers, safer than with 25,000-volt generators. 

The selection of generator voltages is usually determined bv 
the conditions of distribution. Lighting companies have usually 
been conservative and seldom exceeded 6600-9000 volts. Elec- 
tric railroads, on the other hand, have adopted 11,000-13,000 
volts, but in most instances the extra insulation on cables has 
almost entirely offset the reduction in their copper cross-section. 
I think, however, that with proper grading of insulation on 
cables, one can now get greater economy from higher voltages 
then have been heretofore realized. 

Aside from these considerations, if we are unhampered by 
any restriction, the problem of selection. of voltage simmers 
down to the question of cost of cable wiring and. switch-gears 
at the station, as with large generating units the problem b2- 
comes rather troublesome if great amounts of current are to be 
handled in the station. One will readilv appreciate these 
difficulties if he considers that a 20,000-kw. generator with 50 
per cent. overload would require switches of about 8,000 am- 
peres’ capacity at 2,200 volts. If, however, 12,000 volts are 
used, 1500-ampere switches can be substituted with the over- 
all dimensions practically unchanged. If the voltage should be 
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doubled the current would be halved, but the difficulties and 
costs would be greatly increased in getting the proper insulation 
on cables and the proper spacing of the high-tension switch 
elements. 

Offhand, I would say that in large central stations these con- 
siderations would prohibit the use of high-voltage generators. 
The above applies to large units. 

In the case of smaller units I should think the conditions would 
not materially change the above conclusions. 

In connection with high-voltage generators, it may be interest- 
ing to mention the fact that Italy was among the first to use 
high-voltage generators with their water power transmission 
plants. The Paderno installation was designed between 1895 and 
1896, using 2,200-h.p. Brown Boveri units wound for 15,000 
volts. Later the Valtelina three-phase railway installed three 
1,500-kw., 22,000-volt, 3-phase, 15-cycle, 150-rev. per min. Ganz 
generators, wound for star connection and tunnel winding. 
This and other plants have been operated for many years, and 
I believe that were it not for the difficulties of installation in- 
herent to the type of slot, the service would have been considered 
satisfactory. With this type of winding the greatest draw- 
back is the length of time that is required to replace a burned out 
coil. The explanation for the favor of high-voltage generators 
in Italy lies, in my opinion, in the fact of the relatively short 
length of transmission lines and the multiplicity of distributing 
lines, making desirable the use of a moderately high voltage, 
which happened to be very close to the commercial dividing 
line between direct-wound generators and generators with step- 
up transformers. 

F. V. Henshaw: In connection with high-voltage, air-cooled 
transformers, will Mr. Torchio say if he has any information of 
any case of deterioration of the insulation due to ozone, or 
chemical action resulting from brush discharge. 

Philip Torchio: With a certain tvpe of coil, insulated in a 
certain manner, from experience with moderately high 
voltages covering a great number of units operated for many 
years without breakdowns of any kind except due to mechanical 
injury, І would take my chances with 20,000-volt coils; I 
would not bother about the ozone. With some other insulation, 
I would not take chances with 2200 volts. 

C. F. Scott: I have just made some general calculations to 
determine the field of application for generators of 150 kw., 
wound for 25,000 volts. The distance of transmission will or- 
dinarily exceed 25 miles, as a less distance would not necessitate 
so high a voltage. If No. 6 wire be assumed as the smallest con- 
venient practical line wire, we will find that the cost of the 
transmission line will approximate, sav, $25,000. It is desirable, 
therefore, that such a line transmit considerably more than 150 kw. 
in order that the cost of the line per kilowatt will be small. 
Moreover, such a line will transmit. 150 kw. with a loss of only 
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about one per cent. Such a line, therefore, has a capacity for 
transmitting 1,000 kw, or 1,500 kw., and, if this amount of power 
is to be generated and transmitted, it will usually be advan- 
tageous to use a few large machines instead of many small ones. 
In other words, 150 kw. 1s too small a unit for the generation of 
power at 25,000 volts. The application of generators of this kind, 
as has already been pointed out, would be quite special. 

Paul M. Lincoln: What capacity would the generator have 
if wound for 2200 volts instead of for 22,000 volts, with a regula- 
tion of from say, eight to ten per cent? | 

I agree with Mr. Stott that the oil used in transformers is of 
great advantage, and enhances the desirability of the transformer 
combination over the high-voltage generator. Oil has the 
property of automatically healing insulation ruptures, and for 
that reason I believe that such a combination would be much 
freer from lightning troubles than would a high-voltage gener- 
ator. Another thing that operates against the high-voltage 
generator, particularly one of good regulation, such as the 
one mentioned in the paper, 15 the liability of the winding to bend 
on sudden short-circuits. The reasons for this are two: first, 
on account of the turns being many and the wire therefore 
necessarily thin and weak; secondly, the good regulation causes 
a much larger rush of current on such a short-circuit, thereby 
making the bending forces the greater. 

B. A. Behrend: I think that my commentators are laboring 
under the impression that I had chosen the title of this paper 
for the purpose of advocating broadlv the use of 22,000-volt 
generators for all sorts of purposes. Let me say, therefore, 
that the subject of this paper was assigned to me by the chair- 
man of the high-tension Transmission Committee, who, knowing 
perhaps that I am something of a wolf in the fold and might 
start some discussion, suggested the title of this paper. 

Mr Skinner is well known for his good work on insulation, 
but I confess that I should have relished Mr. Skinner's remarks 
better if he had, for the time being, forgotten that we are not 
connected with the same business interests. 

Turning, now, to the technical statements in Mr. Skinner's 
remarks I must say that I really concur with him in everything 
he has said except the mode in which it was put. Regarding the 
point alreadv raised bv Mr. Mershon and brought up by Mr. 
Skinner, concerning the relative cost of the apparatus in question, 
Mr. Torchio has cited an interesting case. Mr. Mershon requested 
me to give a comparison of prices and, therefore, I sent an in- 
quirv to our sales department with the following result. A 
200-kw., 2200-volt 3-phase, 600-rev. per min. generator with 
three 75-kw., 2200-volt to 22,000-volt. transformers would be sold 
for $3,849.00. A 200-kw., 22,000-volt, 3-phase, 600 rev. per 
min. generator would be sold for $3,837.00; the difference 15 
onlv 812.00 between the two plants. The total shipping weight 
of the 22,000-volt generator is 31,000 1b., whereas the shipping 
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weight of the combination of generator and transformers is 
30,650 lb. Freight charges, therefore, would not seriously 
interfere with the sale of these machines in far-off districts. 

` Mr. Skinner and other gentlemen have imputed to me the state- 
ment that the voltage of the generator should determine the 
line voltage; what I did say was that 1t was the external con- 
ditions, the amount of power to be distributed, the area of dis- 
tribution, and other conditions that determine the line voltage. 
If the line voltage thus determined happens to be such that the 
generators can readily be wound for it, the omission of the trans- 
formers may seriously be considered. 

Mr Skinner referred to the question of money tied up in spare 
parts. І can argue on this only academically but, as this paper 
has been written for the purpose of '' raising the dust "—1n the 
laying of which we are concerned in this discussion—-I may as 
well raise some more dust. I stated that the carrying of spare 
parts and the repairing of the generators was a comparatively 
inexpensive and simple matter. If a single coil breaks down, 
a repair can often be quickly made by bridging over and cutting 
out the injured coil. In a small power plant the carrying of a few 
spare coils 15 no worse than the carrying of a spare transformer. 

I distinctly said, in reading my paper, that 20,000 volts need 
not be used for distribution in a city of the size of New York; 
the amount of power and the area of distribution are not great 
enough. The population of New York will have to be increased 
before 20,000 volts will be needed on our generators! 11,000 
volts is perfectly satisfactory for the area that has to be covered 
in this city. At the present time, there are no cities large 
enough in this country to justify a higher potential.. But 
twenty-five years hence the population of New York will be at 
least doubled, and then the problems which we are now dis- 
cussing in an academic way will have become actual problems, 
unless a widely different system should be discovered or in- 
vented. 

Mr. Murray agreed with Mr. Skinner so thoroughly that I 
need not reply in detail to his remarks. But I want to say one 
word or two about a statement that he made three times: he 
called the 22,000-volt machine, to which I have referred in my 
paper, ‘“ а very very poor piece of regulating apparatus ". So, 
then, 4 percent. regulation is ‘‘ very very poor "! Four per cent. 
regulation can not be got at all with transformers and low- 
voltage alternators designed for 8 or 10 per cent. regulation! 

Mr. Armstrong said that “ Mr. Behrend wants us to believe ” 
that generators should be wound for 22,000 volts and that this 
voltage, therefore, should be used for distribution and as line 
potential. And then he proceeded to show that this state- 
ment, which I have never made, is absolutely wrong. I referred, 
while reading my paper, to the power plant 1n which Mr. Mershon 
is interested at Victoria Falls of the Zambesi River. The 
distance from Victoria Falls to the South African mining district 
is about 600 or 700 miles. The transmission line will be operated 
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at a potential of 100,000 volts or more, and it goes over the heads 
of Kaffirs and lions, and one certainly would not select generators 
of 22,000 volts for this transmission line. I thought that I was 
speaking to experienced electrical engineers who were fully 
conversant with all these conditions, and I thought that Mr. 
Armstrong would hardly be misled to believe that the potential 
of the generators determined the line potential. But I also 
stated that the conditions external to the power plant deter- 
mined the choice of the voltage of the generators. A competent 
engineer must be able to sce more than merelv the generating 
plant; he must have a grasp of the conditions of the entire svs- 
tem, including tlie transmission line and the conditions of dis- 
tribution and utilization, as these determine the choice of the line 
voltage and the voltage of the generators. 

I heartily endorse Mr. Waters’ remarks. Good shop work 
must be put into high-voltage machines, and there is no use in 
denying the fact that it 1s difficult to obtain thoroughly reliable 
workmen to whom such work can be safely entrusted. Here 
lies one of the chief difficulties connected with the building of 
high-potential generators. Mr. Waters is right that good work- 
manship on high voltage coils is of the utmost importance. 

Mr. Stott’s remarks contain statements which I should have 
included in my paper. He emphasized the fact that the insula- 
tion of the cables at present forms one of the chief obstacles to 
an increase in the generator voltage in large power plants. I 
am completely in accord with Mr. Stott in regard to the great 
advantage obtained from oil used as an insulator. It has been 
proposed to use oil for insulating the stator of electric generators 
for high potential. This appears feasible but, at the present 
time, I should prefer to instruct our sales department to quote 
rather high prices on such oil-insulated generators. 

Some one has asked about the wave shape of the generator 
described in this paper. I have not yet had an opportunity to 
determine the wave shape by means of an oscillograph, but I 
hope to do so later. The generator which was used for 22,000 
volts was a stock machine having the same number of slots as 
that used for potentials varving from 10,000 to 15,000 volts. 
There are many machines of this type and size in operation both 
as generators and as synchronous motors, operating on short 
and long lines, and there has never been the least trouble with 
these machines and certainly no trouble due to wave shape. 

It was stated that the manufacturer preferred to sell the 
generator and the transformers rather than the high-potential 
generator bv itself. This point was also raised by our sales de- 
partment; they were afraid that they would be overrun with 
orders for 22,000-volt generators, but I assured them they would 
get none. 

Mr. Thomas made some most interesting remarks on the 
subject of lightning * rotection, as might be expected from this 
thoughtful source. I well remember how he called attention 
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several years ago, in his excellent paper before this Institute, 
to the fact that the strain increases between the end layers of a 
transformer coil, and, of course, it does likewise in the coils of 
alternators and synchronous motors. In the discussion of Mr. 
Thomas' paper,* I showed mathematically and graphically, by 
the use of Fourier's analysis, this increase in strain—and I 
want to say, in this connection, that we are always careful in 
the insulating of our coils to look out for the stresses between 
layers—I believe that it 1s quite feasible to insulate individual 
conductors in the coils closest to the terminals 1n such a manner 
that a breakdown from this source is not likely to occur. Mr. 
Thomas also called attention to the use of choke-coils in connec- 
tion with lightning protection. Mr. Thomas knows a great deal 
more about lightning protection than I do, yet I wish to state 
that in Switzerland and northern Italy, where plants located in 
the mountains a1e subjected to considerable danger from light- 
ning, insulation of the frame of the generator 1s resorted to as 
a means of lightning protection. Generators and motors are 
mounted on porcelain insulators and, while this may not appear 
a very mechanical construction, it has proved an excellent pro- 
tection against lightning. 

Mr. Torchio has stated a case of 2,200-kw. generators wound 
for 22,000 volts, on the one hand, and wound for 22,000 volts 
with transformers on the other, and he has remarked that the 
prices which have been quoted him by different manufacturers 
for these different types of plant were almost exactly the same. 
This bears out the statement made by me in this discussion, that 
there is but little difference in the relative cost of high-voltage 
generators, and of low-voltage generators and transformers. 
Mr. Torchio has also called attention to the difficulties at present 
connected with the use of high-potential cables. I am in 
thorough accord with what he has said on this subject. 

Mr. Scott has asked me where such machines would be used. 
I have said in this discussion that there are a number of small 
plants of 300 or 500 kw., in which 22,000 volts would be a satis- 
factory line potential and, in this case, by winding the generators 
for 22,000 volts, a considerable simplification of the power house 
may be obtained. There is also little force to the argument that 
the manufacturers will refuse to build 22,000-volt machines, as 
they are special. We actually took a standard  12,000-volt 
machine, and wound it for 22,000 volts. 

I am in accord with Mr. Scott in regard to his statement that 
some engineers recommend the same system under all sorts of 
conditions. There is no panacea for all the troubles that are 
encountered in our work, and I am glad to find Mr. Scott among 
those who advocate the taking of a broad view, though I feai 
that Mr. Scott and all the rest of us will be in our graves when 


* Static Strains in High-Tension Circuits. and the Protection of Ap- 
aratus," by Percy Н. Thomas. Transactions А.І. Е. E, 1902. 
ol. XIX, pp. 213-276. 
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engineers are stil] persisting in advocating a specific system for 
all conditions. 

W. S. Murray: Does Mr. Behrend really mean that on the 
high-voltage machine, notwithstanding the fact that the dis- 
tributed winding must be dispensed with, that the regulation 
will be as good? If conductors are bunched will there not be a 
much larger percentage in regulation? Is Mr. Behrend willing 
to say that he expects this regulation to be just as good without 
the distributed winding? Regulation is one of the most im- 
portant things in the design of large transmission plants, and it 
cannot possibly be overlooked. 

B. A. Behrend: In answering Mr. Murray's question, I should 
like to state the facts. Comparing with one another, a generator 
having one slot per pole per phase, a generator having two slots 
per pole per phase, a generator having three slots per pole per 
phase, a generator ha\ ing five or six slots per pole per phase—all 
cases with which I am thoroughly familiar through my own 
personal experience in designing some million or more kilowatts 
of such generators—I must state that I have been unable to 
notice, in spite of most carefully carried on experiments, any 
appreciable difference in the regulation of these machines. There 
ought to be, and there probably is, a slight difference in the 
regulation, but it is too slight to be established with certainty. 
The armature reaction is less in the generator having few slots, 
while the self-induction caused by local fields in the armature 
winding is greater. Thus, the theory of armature reaction shows 
that below saturation there is no difference in the regulation, 
while at high saturation there is a slight difference in favor of 
the machine having many slots. We have a number of genera- 
tors and synchronous motors operating in parallel with different 
numbers of slots per pole per phase, and certainly no difficulty 
has ever been experienced on that score. 

W.S. Murray: I understand that it is not entirely a question 
of self-induction—it is the result of the two. Does Mr. Behrend 
feel that his remark—that his conclusion—is applicable to very 
large units and also generators wound for single-phase trans- 
mission? That is that 20,000-volt generators will give as good 
regulation as distributed-wound generators? 

B. A. Behrend: To answer Mr. Murray's question I would 
вау that the regulation is practically the same in both cases, 
understanding by regulation the voltage drop between no load 
and full load. I have had no experience with single-phase 
railway work, but I should вау that it will be necessary to avail 
oneself of all possible advantages by designing a generator so 
as to give as nearly a sine curve as possible, so as to make it as 
easy as possible for the single-phase motors. Advantage should be 
taken of evervthing to make it easier for the single-phase motors. 

W.S. Murray: Does the remark of 4% regulation apply? 

B. A. Behrend: There should, of course, be good regulation 
in a single-phase railway plant on account of the large wattless 
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currents. But this regulation depends rather on other factors, 
as the reluctance of the magnetic circuit, the amount of excita- 
tion, than on the number of slots per pole per phase. 

Ralph D. Mershon: I hope that Mr. Behrend later on will 
give us some cost and efficiency figures for such generators as 
compared with lower voltage generators combined with trans- 
formers, as I believe he has such figures at hand. 

I was rather surprised to hear Mr. Skinner lav so much stress 
upon the question of lightning protection. From what I know 
of his attitude relating to choke-coils, I should have expected him 
to assume that enough choke-coils would be used in series with 
the generators to protect them. Contrary to Mr. Stott’s ex- 
perience, I have known of several cases where generators having 
step-up transformers between them and the line were damaged 
by reason of lightning discharges. I have known such trouble 
to occur without any apparent damage to the transformer. In 
such cases the static discharge which damaged the generator 
was probably induced in the low-voltage circuit of the trans- 
formers by the electrostatic inductive action between the wind- 
ings of the transformers. In some cases, however, there may 
have been a break down between the high- and low-voltage 
windings of the transformers which breakdown repaired itself 
by reason of the healing action of the transformer oil. I think 
there is, unquestionably, a place for the high-voltage generator, 
and this paper of Mr. Behrend's is very timely. I have listened 
toit with a very great deal of interest indeed, and will receive 
with even more interest the cost and efficiency figures previouslv 
mentioned which I understand he will give us later on. 

F. G. Baum (by letter): I take exception to the statement 
that hvdraulic units of or above 7,500 kw. are not to be con- 
sidered of importance at present. Several installations are under 
way for hydraulic units of 7,500 and 10,000 kw., and by putting 
a turbine on each end of the generator shaft, there тау be pro- 
duced units as large as 15,000 kw., or even 20,000 kw. 

The disadvantages of winding for a high voltage are: 

1. Increased losses. 

2. Increased cost. 

3. Decreased capacity. 

4. Increased danger and risk of breakdown. 

The advantage 1s that reduced space is required, as no trans- 
formers are necessary. 

In some localities the question would be answered by the cost 
of space, but, eliminating the space-factor, it does not seem 
advisable to wind for 22,000 volts. At ѕопе point it is folly 
to increase the voltage on generators. І ат inclined to the opin- 
ion that this folly point 1s reached in most cases before 22,000 
volts is attained. 

Ernst J. Berg (by letter) : I quite agree with Mr. Behrend 
that large turbo-generators lend themselves best to very high 
voltage windings. At the same time it may be of interest to 


1584 22.000-VOLT GENERATORS [March 22 


know that one manufacturing company has built 18,000-volt 
alternators directly connected to slow-speed engines. 

The transmission line voltage has, in my opinion, a bearing 
on the best generator voltage, since with one of the high-poten- 
tial lines grounded in a delta svstem, high static stresses are 
induced in the generator windings. These do indeed occur 
even in a grounded star svstem when power is conveyed over 
two of the lines and the ground used as a third conductor. 

Therefore, it is evident that it 1s not well to make the generator 
voltage too low 1h reference to the line voltage. My judgment 
would be that it ought to be not less than one-sixth or one- 
fourth of the line voltage, corresponding to 16,000-25,000 volts 
іп a 100,000-volt transmission system. Judging from the 
amount of insulation required in transformers, the limit would 
seem to lie somewhere between 20,000 to 25,000 volts, provided 
alternators of reasonable wave shapes are demanded. 

W. J. Foster (by letter): The question of practicability in- 
volves construction cost and efficiency. It may be said that the 
question of construction is wholly one of insulation. Isit possible 
toallow the space necessary for the insulation and so to apply it 
as to insure against breakdowns? This may be answered in 
the affirmative, with the qualification that large slots are always 
possible where the pole-pitch 1s large. Hence, there are certain 
sizes of generators that are well adapted for such high poten- 
tials. It is probable that the simplest way of putting this matter 
above a certain minimum size is to make the output per pole 
the criterion, since this eliminates to some extent the considera- 
tion of periodicity. It is probable that almost any generator 
with a capacity of 1000 kw., or more, whose output per pole is 
at least 100 kw., can be advantageously wound for 22,000 volts. 
All steam-turbine generators up to 60 cvcles belong in this class. 
There is another tvpe of generator that 1s admirably adapted to 
22,000 volts; namely. the large engine-driven flv-wheel type. Such 
generators have a large pole pitch, and, consequently, make it 
possible to select the number of slots that permit of the necessary 
room for insulation between winding and core. They also make 
the high-potential machine desirable by reason of the fact that a 
large percentage of their cost is due to the mechanical parts. 
Hence the additional cost of the high-potential machine is 
generally less than the cost of step-up transformers. It is fre- 
quently much less. Furthermore, the efficiency of such a gener- 
ator is much higher than the combined efficiency of the low- 
potential generator with step-up transformers. 

The synchronous motor in motor-generator sets and frequency- 
changer sets in sizes of 1000 kw. or more, may often most ad- 
vantageouslv be wound for 20.000 volts. The majority of these 
are for low frequencv, such as 25 cycles, and for use in sub-stations 
to drive direct-current generators or alternating-current 60- 
cycle generators. Winding for 20,000 volts will frequently 
simplify the sub-station by eliminating step-down transformers; 


1907] DISCUSSION AT NEW YORK 1585 


at the same time it will invariably increase the efficiency of the 
transformation. 

I wish briefly to describe some 5000-kw., 50-cycle, 100-rev. per 
min. engine-driven, fly-wheel type generators that have been 
constructed to operate at approximately 20,000 volts, three- 
phase. The ampere rating of these generators corresponds to a 
normal potential of 18,000 volts, but the specifications require 
them to be capable of operating at a maximum of 22,000 volts. 
Three of these generators are being installed in the plant of the 
Pacific Light and Power Co., Los Angeles, California. 


Floor space required 31 ft by 6 ft. 9 in. 
Diameter of stator 28.5 ft. 
Diameter of rotor 25 ft. 
Radius of gyration | 8.8 ft. 
Weight of rotor 186,000 Ib. 
Weight of stator 162,000 “ 
Weight of accessories 12,000 “ 
Total weight 360,000 *. 


The armature coils have stood a high-potential test of 40,000 
volts for one minute. 
The commercial efficiency is as follows: 


1:20:108 7 5a ОЕ eds 96.5%, 
Pull ото uecex esr per Rv hes ee a 96.2% 
Ü n. S ese OR US sper ai tod Т 95.2% 
ПОРТИТ tna Rd S ТЕ 93.5% 
O25 W 2830p теже eee 405 das 88.0% 


The class of generators which will undoubtedly make the 
best showing in the matter of cost to the customer 15 the large 
fly-wheel type of low periodicity, such, for instance, as a 25- 
cycle, 5000 kw., 75 rev. per min. Such a generator wound for 
22,000 volts, will not cost the customer more than 15% above 
the cost of the generator wound for the most advantageous 
potential with step-up transformers. Step-up transformers 
will cost about 30% of that of the generator. Hence there is a 
saving in the initial cost of the apparatus alone of from 10 to 15%. 
To this should be added the saving in the station due to the 
elimination of space for transformers. Along with this saving 
in the initial cost there will accrue to the consumer a continual 
revenue due to the better efficiency. This will amount to at 
least 195 at full load and 1.5% at one-half load. Many large 
water-wheel driven generators might well be wound for 22,000 
volts where it is desirable to use that potential on the trans- 
mission lines. It would be an interesting study to work out 
the cost and efficiency of such generators for transmitting 
Niagara power to Buffalo in comparison with the use of gener- 
ators with step-up transfoimers, as at present. Тһете is no doubt 
in my mind but that a most decided gain would be shown. The 
.3750-kw. generators on the American side and the 7500-kw. 
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on the Canadian side are ideal machines for 22,000 volts, by 
reason of their large capacities and the relations that exist be- 
tween capacity and the number of poles. 

In conclusion, after several years! experience in designing, I 
am confident that 22,000-volt generators properly selected in the 
matter of their ratings, offer less difficulties in design and con- 
struction than numerous 6,600-volt generators now in operation. 

К. S. Kelsch (by letter): In June, 1905, the writer endeavored 
to purchase 25,000-volt, 3750-kw. generators for a hydroelectric 
development to consist of five 3750-kw. generators for an 18- 
mile transmission. Several large companies manufacturing 
this class of electrical apparatus were asked if they would con- 
struct such machines. Опе company replied that they, did not 
think it feasible; the other companies thought it feasible but were 
not prepared to supply machines of this voltage at that time. 

The plant referred to is now operating, using 3750-kw. gener- 
ators, step-up transformers, etc. In preparing plans for this 
installation, and while considering 25,000-volt generators, the 
following points, for and against the use of such generators, 
received consideration: 

Extra cost. Generators; potential transformers; current trans- 
formers, etc. 

Saving. Saving of step-up transformers, building for trans- 
formers, generator cables, entire low-voltage bus-bar system, 
switches, etc., the water- and oil-pump system, insurance оп 
transformers and building, interest, and depreciation. 

Disadvantages. The 25,000-volt generators would be exposed 
to line strains, lightning, etc. In case of lightning entering the 
station, liability of greater damage and serious interruption to 
service, Which might be overcome by extraordinary insulation 
on generators, and 25,000-volt bus-bar constructed to have had 
capacity to dissipate abnormal strains. 

There is also the disadvantage that with such generators the 
multiplicity of voltages sometimes required for the high-ten- 
sion systems could not be obtained as readily as with the step- 
up transformers. 

Advantages. Advantages obtained by using the 25,000-volt 
generators are; better regulation, simplicity of station wiring, 
reduced fixed charges, reduced danger from fire due to the absence 
of oil-cooled transformers. 

In Montreal there 15 one hydroelectric plant containing eight 
750-kw., 4400-5000-volt generators, working direct on the 
transmission lines. In nine years’ service there has not been 
one case of trouble on the high-tension windings of the gener- 
ators, due to lightning or other abnormal strains. And this 
plant has yet to record the first injury to an employee or any 
other person from these 5,000-volt machines. 

When this plant was installed, the specifications for these 
generators called for the insulation to be such as successfully to 
withstand a 25,000-volt alternating-current breakdown test. 
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The writer believes that a plant containing a large number of 
25,000-volt generators can be successfully and safely operated. 
L. Schüler (by letter): There is no doubt that alternators 
can be wound for pressures over 20,000 volts. As early as 1895 
I assisted in the design of a 30-kw. 27,000-volt machine, which 
was built by the Allgemeine Elektricitats-Gesellschaft, Berlin. 
It work: © .factoril. The coils were embedded in troughs 
Gt micant . .! the machine was made for the purpose of show- 
п. that tr. po:sbilities of this new (at that time) material. 

Another question is, whether it is advantageous to use such 
machines in connection with long transmission lines; this I 
think is not the case. Mr. Behrend is quite right to advocate 
the carrving of spare coils, but it should be well understood 
that it takes at least a couple of hours to replace coils of an al- 
ternator, while practically no time is required to switch in a 
spare transformer. Even if no spare transformer is available, 
in case of a breakdown it will very often be possible to carry the 
load on the other transformers while the broken down опе is 
beint repaired. The overload capacity of alternators, and es- 
pecially prime-movers, is usually not sufficient to do this. 

As Mr. Behrend says himself, there would not be much saving 
in costs by the adoption of such extra high tension generators, 
| think it would be rather unwise for supply companies to use 
and for manufacturing companies to sell them. 

Farley Osgood (by letter): Without question the operating 
dangers in a high-voltage machine are greater than in a machine 
of moderate voltage. The greatest objection the writer has to 
a machine wound for such a voltage is the uncertainty of pro- 
tecting it from outside disturbances such as grounded or short- 
circuited lines, lightning discharges, etc. With step-up trans- 
formers, a defence-wall for the generating units 15 maintained, 
and the protection afforded is in my opinion worth the additional 
cost. 

No doubt such a generator can be built and will run satis- 
factorily, but I think that the discussion would finally resolve 
itself more into one of practical operation rather than electrical 
or mechanical possibility. As an extreme case, Mr. Behrend 
cites as possible a 20,000-volt machine as small as 150 kw. 
capacity; such a machine would of course be built for experi- 
mental purposes only, as there is hardly any power problem 
which would require such an unusual piece of apparatus. | 

It seems to me that a machine wound for 20,000 volts to be 
used directly on the power system should receive consideration 
only where units of enormous capacity are required and where 
the transmission distance 15 very short. 

H. F. Parshall (by letter): The practicability of winding gener- 
ators for 22,000 volts would depend largely on the size of the ma- 
chine. In the case of the proposed installation for the London 
County Council, where 12,000 to 15,000 kw. turbo-generating sets 
are in contemplation, the matter was the subject of most careful 
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consideration, the result of which was that 15,000-volt gener- 
ators were considered practicable and that they would be more 
satisfactory in practice than low-voltage generators with step-up 
transformers. Voltages higher than 15,000 were considered, 
both in the generating and transmission systems, the transmission 
system in this case being underground and thereby being subject 
to different considerations from an overground transmission 
system, and it was found that to transmit the same energy. 
having regard for all of the conditions, there would be no ad- 
vantage in the transmission system is a voltage higher than 
15,000; in fact, the maximum advantage occurred at that point. 

I make particular mention of this in that the installation has 
been designed to distribute 250,000 kw. over perhaps the widest 
area that is likely to be encountered in municipal supply. This 
being, therefore, practically the limit of this class of installation, 
it would appear there is a natural division between voltages for 
generation in what may be termed a municipal system and in 
what may be termed a long-distance transmission system, the 
limiting commercial voltage for a municipal system placed 
underground being approximately 15,000 volts, whereas in the 
long-distance transmission, if overhead, three or four times this 
becomes commercial. At this higher voltage, direct generation 
is out of the question. It would appear, therefore, the particular 
answer would be that in practically every case generators of 
large size can be wound to meet the requirements of economical 
transmission in the largest type of municipal plant, but that in 
the case of long-distance transmission, step-up transformers in 
the generating station become a necessity. 

A. Henry Pikler: The chief object in winding a generator 
for high voltages 15 to use it directly їп connection with the trans- 
mission line and to do away with the step-up transformer, if 
this 1n combination with the generator is found more expensive 
than the high-voltage generator alone. 

I assume that 22,000 volts was selected in connection with 
this paper, because 11 was thought that this is about the limit 
for which generators can be wound in the present state of the 
art. Since, however, there is a large range of transmission 
voltages still above 22,000—141n such cases transformers must be 
used anyhow—I should more explicitly formulate the question 
like this: Is it practicable to operate transmission lines from 
20.000 to 25,000 volts directly by generators wound for such 
voltages? 

What is meant by practicable? Bv this term I understand 
collectively the following elements in question: 1. Whether or 
not the apparatus can be built at all for such a voltage. 2. 
Whether or not it is economical to the manufacturer to build 1 
for such a voltage in preference to other solutions. 3. Whether 
or not such a generator is reliable in the service; that is, economi- 
cal from the standpoint of the power-plant man. 

The very fact that there is some discussion over the practi- 
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cability of 22,000-volt generators, may readily convey the im- 
pression that winding generators, even large generators, for 
22,000 volts, is a great feat. Generally speaking it is not. It 
is not the art of insulating that is at fault in this problem. It 
is not that materials cannot be found good enough or that we 
do not know how to do the insulating, in order to have the 
generators stand the voltage in service. 

The author introducing this subject for discussion illustrates 
very well with his 150 kilovolt-ampere, 22,000-volt generator, 
operating for months night and day without a break, that this 
is not the case. Though it is true that the quality of insulating 
materials has undergone rapid progress during the last four or 
five years, yet I know of machines wound for 20,000 volts that 
were installed seven years ago. These machines are not very 
large. They are horizontal turbine-driven, 150-rev. per min., 
15-cycle, 1000-kw. machines. They can operate at 30,000 volts 
for half an hour without injury and they are operating satisfac- 
torily. "AS | 

I know of another plant installed about a year ago with 4000- 
kilovolt-ampere turbine-driven generators wound for 40,000 
volts, and they are working satisfactorily. To wind and insulate 
a generator for 20,000 volts is, then, not out of the question. 

The most essential thing needed for winding a generator for 
high voltages is space, big slots where there is space for the slot 
insulation, for insulation between adjacent turns or layers, and 
space on the ends to prevent creeping or breakdown between the 
ends of coils. 

Big slots, however, mean an uneven distribution of magnetic 
flux, strongly developed higher harmonics, an electromotive 
force wave-form deviating from the sine wave, a higher excita- 
tion. It would be very interesting to know the electromotive 
force wave-foim of the 150 kilovolt-ampere 22,000-volt machine, 
of which other characteristic curves are shown toadvantage in 
the paper. 

This wave-form is a very important matter, the manufacturer 
should consider it just as much as he does the possibility of a 
satisfactory insulation or the cost of a machine. There is no 
doubt but that even a 2000 kilovolt-ampere 300-rev. per min., 
20,000-volt machine can be produced at a lower cost than can a 
combination of a 2300-volt machine and three 700-kilovolt- 
ampere step-up transformers. Besides, it would greatly sim- 
plify the power plant and lessen the responsibilities of the station 
men. It is doubtful, however; whether such a generator would 
be as good in every other respect, especially in wave form, as 
the 2300-volt generator. Besides, selling a generator and trans- 
former, too, means greater profit to the manufacturer. 

As to the reliability. A generator if protected bv lightning- 
arresters, choke-coils, or even static-interrupters against ab- 
normal rises in voltage is, to my mind, a safer and simpler pro- 
position than a combination of a generator and transformer; 
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on the other hand, if a breakdown occurs—in one case the 
transformer breaks and in the other the generator—there is no 
doubt but that it will take more time to repair the generator 
than to cut out the injured transformer and run the other two on 
open delta, or to repair the transformer, or to cut in а spare 
transformer. 

Which solution is the most economical to the customer is 
almost solely dependent upon local conditions. For instance, 
in steel works or ore-smelting works where large blast-furnaces 
are electrically operated and where in case of a breakdown 
costly furnaces and valuable ore are affected, it will pay to 
carry in reserve even a complete generating outfit. 

As the practicabilitv їп winding alternators for high voltages 
depends chiefly upon their geometrical dimensions, I cannot 
accept such a general conclusion as arrived at by the author of 
the paper. If he had in mind a steam turbine, he is about right, 
but I am of the opinion that lower generating capacities can be 
wound and used to advantage for 22,000 volts. 

Bertrand P. Rowe: From the standpoint of the man who has 
to provide for the switching devices, the proposal to wind alter- 
nating-current generators for higher voltages than are commonly 
used at present seems to be a step in the right direction. As 
the size of unit increases, and the amount of energy to be in- 
terrupted becomes greater, 11 becomes more and more of a prob- 
lem to build oil-switches that will open the circuits from the bus- 
bars, because the lower voltages now employed introduce 
currents of large capacitv. 

The problem of breaking circuits at high voltage has been 
successfully solved as far as pressure is concerned. It is a 
simple matter to open a circuit for any generator voltage that is 
likely to be determined upon. But if this circuit must carry a 
large ampere capacitv, the problem becomes more difficult; and 
the higher the generating voltage becomes the simpler will be 
the problem. 

Oil circuit-breakers have been built to open circuits carrying 
2000 amperes normallv at 13,000 volts pressure, and there have 
been cases where engineers have asked for circuit-breakers to 
open 3000-ampere circuits at 13,000 volts pressure. Неге we 
are getting to the point 1n oil-switch design where it is doubtful 
engineering at best to build the switch and be ready to guarantee 
its successful operation. 

If it were only the generator capacity that must be takeninto 
consideration, it would be some time before arriving at a point 
where the switch must break anv extraordinary current with 
present generator voltages. But the fact is that the use of low 
voltages on the bus-bars means heavy capacities in the junction 
and tie-in switches, and on circuits feeding large capacity trans- 
former banks. The latter must often be automatic, and when 
opening on heavy overloads in a station with enormous capacities 
on the bus-bars, the result may be imagined. As the entire 
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operation of a plant may depend on the success or failure of such 
switches, connected as they are to the bus-bars, the importance 
of this phase of the situation 15 obvious. 

The problems involved on account of higher generating voltages 
in the other switchboard apparatus and the wiring of the station 
are not worth mentioning. The only appreciable difference will 
be that the higher potential will have to be provided for in the 
cables between the machines and switchboards. It is really a 
installation problem that has already been solved. 

Comparing the cost of switchboard apparatus and conductors, 
everything is in favor of the higher voltage. It may cost a little 
more for insulated cables, but the oil circuit-breakers, bus-bars, 
series transformers, and other accessories will be smaller in 
capacity and much cheaper. 1% often happens that switchboard 
apparatus for a 13,000-volt plant with a given ampere capacity 
can be used without change for a plant of the same capacity 
at 22,000 volts, for the reason that the manufacturers have one 
class of apparatus fo1 both purposes. 

Summing up the whole situation, the use of higher generator 
voltages will simplify the problem in the switchboard equip- 
ment, and undoubtedly reduce the cost, besides involving nothing 
that has not been well developed and in successful operation. 

А. B. Reynders (by letter): High voltages are independent 
of the prime mover; that is, the insulation on a 22,000-volt 
generator would be practically the same whether driven by hy- 
draulic turbine, gas engine, reciprocating steam engine, or steam 
turbine. 

As stated by the author, increase of voltage means increase of 
conductors. Increase of conductors means increase of insula- 
tion; hence, the higher the voltage the greater percentage of 
slot space occupied by the insulation. This, from a mechanical 
point of view, is inefficient. In the case of the 11,000-volt 
generator, cited by the author, it is probable that 50% of the 
space in the slot was taken up by the insulation, the remaining 
50% being copper. Increasing this voltage to 22,000 volts and 
the capacity to 15,000 kw. will cause the insulation to be doubled; 
or, in other words, the space occupied by the insulation will 
be 70% of the total slot space. 

When it comes to the insulation on the ends, the distance which 
the bare parts of the coils will have to project will be about 
double that required for 11,000 volts. This means that the 
coils will be extremely weak mechanically, owing to their 
length. This assumption is based on the fact that peripheral 
speeds cannot be increased much over the present uses; hence 
the increased induction must be obtained by lengthening the iron. 

The increase in insulation has another very bad feature besides 
occupying valuable space; namely, it is a non-conductotr of heat. 
All heat generated in the copper must be transmitted to the 
surrounding cooling medium through the insulation. Under 
the action of heat all insulation of a fibrous nature tends to 
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deteriorate. Mica and asbestos are exceptions, but these are 
grave objections to their use unless combined with some fibrous 
material, such as tape. This deterioration of insulation 1s 
reduced by decreasing the heat generated, to accomplish which 
necessitates an increase in the size of copper. This again tends 
to decrease the efficiency per pound of gross weight. 

As admitted by the author, a 22,000-volt generator is less 
reliable than one of 11,000 volts. That this is a grave weakness 
is endorsed by his statements regarding spare parts. He recom- 
mends practically an extra machine to provide against break- 
downs. The only advantage which can be claimed is in sim- 
plicity of the power station by avoiding use of transformers. 

Guido Semenza (by letter): Mr. Behrend rightly points out 
that the reason for using high-tension generators is to limit 
their current capacity, as the distribution and conduction of 
large currents from the generators to the switchboards is cum- 
bersome and expensive. I would add, that up to a certain 
point switching with high pressure is preferable to switching 
with very heavy current. 

In his comparison the author refers very likely to central 
stations having such a switchboard scheme that the low-tension 
generator currents are collected on a set of bus-bars to which 
the low-tension circuits of the transformers are connected, and, 
as far as such scheme is considered, I quite agree with him in 
his conculsions. But there 1s an intermediate solution between 
this and the use of high-tension generators which is employed 
in some European plants. Low-tension generators are used, 
and each generator is connected to a set of transformers, with 
circult-breakers; there are no switches, no fuses, nor instru- 
ments being used in this low-tension connection. 

The generator and its transformers are considered as a high- 
tension generating unit, and all the switchboard 1s on the high- 
tension side of the transformers. Such a solution permits of 
all the advantages of low-tension generators, confines the high- 
tension in an apparatus much more fit to withstand it, and at 
the same time reduces the current capacity in the switchboards. 

It has only one apparent drawback; that is, that a fault in 
a transformer will also put a generator out of service; but if 
the use of low-tension will have the effect of reducing the num- 
ber of accidents in the generator, then there will still be an 
advantage, as the repairing of generator coils requires much 
more time than the time required to replace a faulty trans- 
former with a spare one. 

Philip Torchio (bv letter): Referring to Mr. Behrend's 
question as to what part the ohmic resistance plavs in the par- 
allel operation of svnchronous apparatus on long transmission 
hnes, I wish to call the attention of the parties interested in 
this subject to a paper contributed by Mr. G. Semenza to the 
Milan section of the Associazione Elettrotecnica Italiana, at their 
meeting of December 4, 1903. 
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The paper describes two series of tests: one upon two direct- 
current synchronous motor-generator sets, operated inverted 
from a large storage-battery and with the alternating-current 
machines connected through an adjustable resistance. The 
other series of tests was made on a synchronous motor fed from 
the main bus-bars of a large generating station through an ad- 
justable rheostat. In both cases the load and power-factor 
and reactance and ohmic resistance of circuits were adjusted 
for different values so as to obtain curves showing the behavior 
of these machines. Pumping phenomena would appear in all 
instances under certain conditions of load, power-factor, and 
ohmic resistance of the circuit. The pumping had a frequency 
of from eightv to one hundred and twenty vibrations per minute, 
and beyond certain values the amplitude of the oscillation was 
so large that the machines were thiown out of step. 

Mr. Semenza's analysis of the results gives lucid portrayals 
of the function of resistance and reactance in a circuit upon the 
parallel operation of synchronous motors, and possibly might 
be abstracted for the minutes of the Institute, or at least at- 
tention called to this contribution to the subject for the in- 
formation of those who may care to look up the subject. 

John Pearson (by letter): I agree that there are advantages 
in winding large alternators for 22,000 volts, especially when 
this is the potential required for distribution. As Mr. Behrend 
says, steam turbines will probably soon be built for 10,000 to 
25,000 kilowatts. These large steam units will naturally be 
used in large cities where the distance of transmission is rela- 
tively short. Hydraulic turbines in the near future will pos- 
sibly range in capacity, as at present, from 1,000 to 3,500 
kilowatts. These turbines will, on the average, be used at a 
distance from the market or center of distribution, where the 
distance of transmission will be relatively long. 

I believe it practicable to wind 22,000-volt alternators for 
use with large steam turbines where the distance of transmission 
is short. In this case, power stations using 22,000-volt alter- 
nators will need no step-up transformers, resulting, of course, 
in higher efficiency. The danger of generator coils being punc- 
tured directly by lightning will be small, as the average turbo- 
generator will be transmitting its power through underground 
cables. 

The transmitting voltage of the future water-power station 
is likely to be from 60,000 to 100,000 volts, and one would not 
favor using, a 20,000-volt alternator where the transmitting 
potential was 60,000 or 100,000 volts, as transformers for raising 
the potential would also have to be used. Where step-up trans- 
formers have to be used, I believe it practicable to use gener- 
ators wound for 2,200 volts, as there 15 very little danger of 
the generator coils giving way at this voltage. 

А generator wound for 22,000 volts can, as far as insulation 
is concerned, be compared to an air-blast transformer. I know 
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by experience that the oil-insulated transformer will stand 
moie severe static strains than the air-blast transformer. Con- 
sequently, a 20,000-volt generator cannot be expected to stand 
up under severe static strains any better than can the air-blast 
transformer, on account of not having the benefit of oil for 
insulation. Oil simply for insulation is not all, as the oil fills 
all intermediate space between and around the coils and thereby 
keeps the dirt away from the coils, which is one good point. 

Mr. Behrend states that the insulation of coils against ground 
is easier to obtain than against one another, and that the ques- 
tion of insulating the coils from one another 15 particulaily 
difhcult in turbo-generators on account of the crammed condi- 
tions of the winding space. From the above it 1s seen that no 
more insulation can be used than what 1s absolutely necessary; 
but it is comparatively easy to bring out leads and use cylinders 
and air-gaps, as shown in Transactions А. I. E. E., 1904, 
Vol. 23, p. 570. Also Transactions А. I. E. E., 1905, Vol. 24, 
pages 960-962-078. 

I know by experience that when using spark-gaps across 
each coil, less insulation can be used, as abnormal strains are 
equalized over the whole winding. I do not consider it hard 
to insulate a generator for 22,000 volts under normal condi- 
tions, but such generators must stand up under abnormal 
static conditions as well. 

It seems wise, therefore, to use spark-gaps across coils, the 
winding connected in star and the star and core grounded. 
By this arrangement the generator becomes to a certain extent 
a condenser, having capacity between coils; between coils and 
the frame, between coils and the ground, this capacity becomes 
more noticeable when any static strain can reach all parts of 
the winding at once, than if it only piled up on the first coil 
nearest the transmission line. 


A paper presented at а meeteng of the Boston 
Branch of the American Institute of Electrical 
Engineers, Boston, Mass., May 15, 1907. 


Copyright 1907. By A. I. E. E. 
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AN ANALYSIS OF THE DISTRIBUTION LOSSES IN A 
LARGE CENTRAL STATION SYSTEM 


BY L. L. ELDEN 


The central station system under consideration is typical of 
those in service throughout the country, serving the larger 
centers of population and including adjacent suburban districts 
within a radius of upwards of fifty miles from the main 
generating station. 

This system, as is the case with many similar systems, com- 
prises the business of a number of companies that have been 
amalgamated into one large organization. This larger organiza- 
tion, with its greater financial resources and highly trained 
administrative and engineering forces, has naturally proved 
better fitted to meet the demands for service arising from 
an area of 450 square miles, in which thirty cities and towns, 
having a population of 1,000,000 persons, are served by the 
system. 

Of the 1800 miles of streets included in the territory, 750 
miles are covered by the lines of the system, which extend 43 
miles in a single direction from the generating station. The total 
50-watt equivalents connected to the system aggregate 1,600,000, 
equal to 80,000 kilowatts. This load comprises the usual 
mixture of power, heating, and lighting apparatus which con- 
stitute the business of a central station system. The maximum 
demand is approximately 44% of the connected load at the time 
of the yearly maximum, and approximately 27% during the 
average days of the year. These two results are indicated by 
Fig. 1, which shows the average load curves of the system for 
the maximum and average days of the year 1906. 
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The generating equipment consists of two main genera- 
ting stations, one generating three-phase, 60-cycle alternating 
current exclusively, and the other generating low-tension direct 
current. In addition there are two small generating plants 
located at remote parts of the system, which are still in service 
independent of the main system. When convenient, these will 
be discontinued as generating stations and converted into sub- 
stations supplied with current from the main generating station. 
To facilitate the distribution of current over the large territory, 
sub-stations are maintained at suitable centres, at which points 
the high-pressure transmission lines deliver 60-cycle, three- 
phase, alternating current for conversion to direct current and 
alternating current at voltages suitable for commercial purposes. 

As will appear in some of the tables given later, three trans- 
mission pressures are used; namely, 2300 volts, 4600 volts, and 
6600 volts. In explanation of the apparent complication of 
voltages in the transmission system—it was found more conve- 
nient and economical to maintain certain installations of under- 
ground cables and motor-generators which were acquired in the 
purchase of another company's plant, than to abandon the large 
investment represented by such equipment. АП new installa- 
tions are made at 6600 volts, it being the intention gradually to 
eliminate the lower transmission voltages as conditions may 
dictate. 

Throughout the entire system but three forms of service are 
supplied for commercial purposes; that is, either low-tension 
direct current, single- or three-phase alternating current. 

The low-tension, direct-current district, representing slightly 
less than 1% of the total area of the system, is supplied exclu- 
sively by three-wire direct-current at 115-230 volts. This is 
used indiscriminately for power, hghting, and heating service. 

Similarly, the alternating-current district, embracing 996, ot 
the area, is supplied exclusively by the alternating-current 
system of distribution. Three types of primary distributing 
circuits are used in the various sub-station districts, accord- 
ing to the demands for service, as follows: 

1. 2300-volt, single-phase circuits in resident districts where 
only lighting and small power service is required. 

2. 2300-volt, three-wire, three-phase circuits are used in 
districts of limited areas where mixed lighting and power service 
of considerable amounts are to be furnished. 

3. 2300-volt, four-wire, three-phase circuits are used in 
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districts covering large areas where mixed lighting and power 
service is furnished. 

In each of these cases, however, service is furnished to the 
customers at 115-230 volts, single phase, for lighting and small 
power service, and 230 and 550 volts, three phase, for power ser- 
vice. 

In addition to the types of service previously referred to for 
commercial service, there remains the street-lighting service, 
whicb is supplied at 6.6 amperes direct current, or alternating 
current, for both series-arc and incandescent lamps. In one 
district 3.5 amperes series incandescent lamps are used, but this 
is not considered as standard, and is subject to change when con- 
venient. 

To place the system on the basis described above has not been 
so simple a procedure as may seem from a cursory reading of 
the preceding statements. With the acquisition of each new 
interest and its territory, it was found that special forms of 
service were being supplied to customers, in most cases differing 
from those which are now considered as standard. As 
a result, at one time in 1903 some twenty different forms of 
service were being supplied to customers, with the attending 
complications in operating. Special apparatus was maintained 
and operated to supplv these different services, with results 
far from economical; and, while much of the apparatus in 
service Was as modern as it was possible to be, some could 
scarcely be considered in that class. 

It was apparent from a comparison of the kilowatt-hours sold, 
with the kilowatt-hours generated, that the difference was too 
great to be consistent with good practice. То ascertain the 
reason a complete survev of the whole svstem was undertaken 
with a view of eliminating the uneconomical features. This 
investigation involved an examination of each customer's con- 
nected load and demand; the capacitv of and demand on each 
transformer in the alternating-current district; the losses in 
transmission lines, feeders, and mains; the operation of all sta- 
tion apparatus: the accuracy of all recording meters—in short, all 
the details of the uses of current by the company end its cus- 
tomers. Asa result of this inquiry, it was deemed advisable to 
proceed with the necessary changes. These changes which were 
commenced in 1903 affected the following parts of the system. 

A certain district was specified in which no form of service 
other than the three-wire, 115—230-volt, direct-current service 
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would be supplied. This made it necessary to transfer all the 
alternating-current customers affected, to the direct-current . 
system, remove all transformers in this district, and re-connect . 
the alternating-current mains as a part of the direct-current 
system. 

The 500-volt direct-current service was abandoned, and all 
motors located in the direct-current district were adapted for 
230-volt, direct-current operation, while such as were outside 
of the direct-current district were replaced by alternating-current 
motors. „7 

A number of new sub-stations were installed in the direct 
current districts to provide for serving the rapidly increasing 
business of the company, and, at the same time, to reduce the 
excessive losses in feeders and mains by shortening and rear- 
ranging the distributing points of existing feeders, as well as the 
addition of new ones. 

In the alternating-current district secondary networks were 
installed and the number and capacity of transformers reduced, 
the total reduction in this case being 30% of the installed capac- 
ity. Changes in sub-station apparatus were effected by the intro- 
duction of new apparatus, all adapted to supply the standard 
forms of service. 

The results of these changes may be seen by reference to 


TABLE II. 


Percentage of 
Kilowatt-hours | Kilowatt-hours| kilowatt-hours |. 


generated. sold. sold 
Year ending June 30, 1903........ 49.122.344 31.569.741 64.26 
ie ш i = VAS ot ud hs 57.531.312 37.220.199 64.67 
PO iss en ou 64.161.987 41.910.281 65.31 
1906... .... 14,582.311 52,003, 000 69:82 


To illustrate further the increased efficiency, Figs. 2 and. 3 
are presented, covering the operation of the system for 12 months 
ending June 30, 1906. Fig. 2 shows the percentage of sales and 
company's use for the year by months, and Fig. 3, the actual 
sales and company's use in kilowatt-hours for the same periods. 

In Table II, it will be seen that there was an increase in 
four years of 5.56% in the sales as compared with the manu- 
factured kilowatt-hours. This result, however, is an average 
for the whole year 1906. Referring to Fig. 2, it will be seen 
that for the last six months of the year the average is much 
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higher, it being actually 73.65%, this figure indicating future 
possible results. 

It will be noted that the curves in Figs. 2 and 3 show an ab- 
normal percentage of sales for the month of February; this is 
explained by the fact that the station data on manufactured 
kilowatt-hours for February represent a month of 28 days, while 


Fi g.4 
Curves of Instantaneous Losses іп the Electrical Equipment of the 
System at 12 Noon 7P M. ЗА.М:оп average day in September 1905 
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the total sales represent an average month of 30 days. 
Other points in these curves which do not coincide may be 
attributed to the same cause. 

Using the data for 1906 as given in Table II as a basis, it vill 
be seen that it would have been necessary to manufacture 
approximately 5,000,000 kilowatt-hours more in that year to 
sell the same amount of current, if the conditions had been 


1907] ELDEN: DISTRIBUTION LOSSES 1603 


Fig. 9 
Curves of Instantaneous Losses inthe Electrical Equipment of the System 
KW. at 12 Noon 5 Р.М. 3 А.М onday of System maximum - December 1905 
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the same as existed in 1903. Further, if the average of the last 
six months of 1906 had been maintained throughout the year, 
a further saving of 5,000,000 kilowatt-hours would have been 
made during the year. While the resulting economies have in 
themselves justified the time and outlay necessary to make the 
changes, the increased capacity of the system, as well as the 
simplifying of the operating conditions, have been results far 
outweighing all other considerations. 

In Figs. 4 and 5 are shown curves representing the maximum 
generated kilowatts, also the instantaneous losses which occur 
in the system at different hours on the average and maximum 
days of the year. These data, while of no particular value, may 
be of interest in comparison with the continuous dutv losses 
shown in some of the succeeding tables. 

As it is the practice of this company to use motor-generators 
in preference to synchronous converters. to transform the three- 
phase current to direct current for the supply of service to the 
115-230 volt, three-wire, direct-current system, it may be sug- 
gested that a further economy could have been effected by the 
use of converters. | 

The motor-generator equipment of the company comprises 
36 units having a total capacity of 10,210 kw., and varying in 
size from the 1,000-kw. direct-connected sets, to the 60-kw. 
Edison bipolar belted units which have been retained in service 
in some of the smaller stations. In Table 3 are shown the 
actual results of the operation of this apparatus for the year 1906. 
There 1s also shown the estimated results of the use of converters 
of the same sizes, operated in the same manner as the motor- 
generators, and at an assumed efficiency calculated from the 
manufacturer's data on such sizes of apparatus. 


TABLE III. 
Kiiowatt-. hours | Kilowatt-hours Per cent. 
received. delivered, efficiency. 
230-volt motor-generator.......... 31.331.406 25.803.990 82.4 actual 
O3(0-vol]lt сопует{ет<............... 30.004.639 25.803,00 86. assumed 
Rilowatt-hours saved by use of con- 
NEETU Ss er ouo сы e Voie epar aed a 1.326,76? 


The operating efficiency of the converters is estimated at 
87%, less 1% for the current used by the cooling apparatus, while 
the efficiency of the motor-generators was 82.4%. The table 
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shows a saving of 1,326,767 kilowatt-hours by the use of conver- 
ters, this representing the premium paid for the use of the more 
reliable apparatus, in addition to which there is to be added 
the slightly larger investment necessary in the purchase of motor- 
generators. Owing to the well-known difficulties incident to 
the operation of 60-cycle converters in a large system where 
continuous service is placed above all other considerations, it 
is a question of individual opinion whether а company is justi- 
fied in adopting either type of apparatus. 


TABLE IV 


Comparative data of aiternating-current and direct-current systems 


Altemating Direct 
current current 
Area of system percent. of total... ....................... 99.16, 0.9% 
Connected load per cent. оЁ{оЇа].......................... 21. fv 79. % 
Commercial service, strect lighting service omitted 
Total losses from generating stations to customers’ meters..... 4l. Co 20. С 
Efficiency of svstem....... UTE PORE Le нт 59. © SO. < 
Total lo:ses frorn Bus staticns to customers’ meters in per- 
centage of current delivered from sub- tation... i. less. o4. t dua 
Efficiency of distributing system... ........ ........... 26. Se 92.5% 
Street lighting system 
Tota! losses from generating stations to street lamps. .... .... 15.2*, || 31.9% 
Efciency of system... dave keep а ya RO Ad asks n E S 84.8% 68.1% 
General data 
Connected load in kilowatts. Vas Terr 17300 62700 
Capacity of transformers installed on distribu ng circuits...... 10488 
Capacity of transformers in рег cent. of connecied load........ 605% — 
Approximate kilowatt-hours delivered to each system M per 
cent, of totai йепета1еЧ................................ BOC 70€c 


Table 4 presents some data illustrating the comparative 
losses in the alternacing-current and direct-current systems as 
operated. In the alternating-current system the total losses, 
including transmission, step-down transformer, distributing 
circuit losses, and meter losses, aggregate 41.1%, equivalent to 
an efficiency of 58.9. Eliminating the losses in transmission 
lines, step-down transformers, regulators, boosters, etc., the 
total losses in the distributing circuits, meters, etc., aggregate 
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24.2% with a resulting efficiency of 75.8% from the sub-station 
to the customers' meters. 

In the direct-current system the total losses, including those 
in transmission lines, motor-generators, tie-lines, feelers and 
mains, meters, etc., aggregate 20%, equivalent to a system 
efficiency of 8095. Eliminating all losses in the direct-current 
system, except those which occur between the direct-current 
switchboard in the sub-stations and the customers' meters, a 
total loss of 7.54% is shown, or an efficiency of 92.46%. 

Two forms of street-lighting service are in use, each involving 
the operation of different types of apparatus. In one case 


TABLE V. 


DISTRIBUTION OF CURRENT POR THE YEAR ENDING JUNE 30, 1906 


Loss in per Per cent 
Kilowatt. | cent. of total | of generated 
hours. gererated kilo- | K,lowatt-hours 
watt-hours transmitted 
Commercial за]ев.........................] 52003 00CC] 60.52 
Company чхе.............................] 3o de 3.72 
Totallos:es........... se ..............] 19.270.616 25.83 
Unaccounted for current .................. 441,437 0.59 
Total generated... ..... .................] 74.489.436 160. 
Sub-division of Total Losses d 
Losses in station аррагаїшз................ 10.586.117 14.21 16 6 
Losses in inter-station transmission 'ines.... | 2.920.653 3.92 592 
Losses in feeders and mains............... 5,763,846 7.74 10 50 
Total losses station apparatus and lines.......| 18.270.616 25.87 


m —ÀÀ 


motor-generators are used to convert alternating current to 
6.6-ampere series direct current, and in the other case constant- 
current-transformers are used to obtain the 6.6-ampere series 
alternating current for similar service. 

The total losses in the 6.6-ampere direct-current system are 
shown to be 31.9%, giving an efficiency of 68.1%. For similar 
service from the alternating-current system, the total losses are 
15.2% with a resulting operating efficiency of 84.8%. 

The methods employed in preparing the data by means of 
which the losses in the system are determined may be under- 
stood by reference to Tables 5, 6, 7, 8, and 9. These tables 
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present a summary of the year's operation. Similar tables are 
prepared monthly which deal with the shorter period of time. 
It should be understood that with the exception of such items 
in these tables as are preceded by an asterisk, all the data 
/. "shown are the results of records taken from recording wattmeters. 
In such items as are excepted, computations were necessary, 
all of which were made from reliable data furnished by the 
manufacturer of the apparatus in question, supplemented in 
many cases by tests made by the company's representatives. 
The losses in the individual commercial distributing circuits 
were determined by the drop-of-potential method, a constant 
being obtained for each circuit by taking a large number of 


TABLE VI 


LOSSES IN STATION APPARATUS FOR THE YEAR ENDING JUNE 30, 196 


Loss in per 
Kilowatt- |cent. of total] Loss in per 
hours power cent. of input 
generated 
230-volt то{ї{ог-кепегаїот<......................| 5,527,416 7.42 17.6 
560-volt motor-generators ..................... 373.059 0.50 33.6 
Series arc motor-generators.... ...............| 2.403.471 3.22 25.5 
Step-down їгап&[огтпег<.......................| 1,010,848 1.36 3.23 
*Constant-current transformers................-. 118,548 0.16 5.40 
*Potential гекчабог<.......................... 65,353 0.09 3.53 
Batteries. vi vuole au ки Ur E ar edt b edu A deter 807,067 1,09 43.2 
Boosters woe VE о oe ES a put ps 211.264 0.28 63.0 
Balancers: oos oracio шее шие Are d eR e deje ptc dem 07,722 0.09 
Water rheostats for їєе<їїпШ..................... 1,366 
Total шуак 64-4305 кезк PCS om wa es eu ТОББ 14.21 


pressure tests under all conditions of load. The losses in the 
direct-current mains were estimated in the same manner. The 
losses in the street-lighting circuits were calculated from the 
known length of the circuits, and these results further checked 
by voltage readings at the station while the circuits were in 
operation with a known number of lamps burning. 

Every year the company makes thousands of tests of the meters 
in use on the customers’ premises. For the year 1906 the re- 
sults of all such tests showed that the average meter error was 
2.6% slow. This factor has been used to account in part for 
some of the unknown losses, the total thus accounted for being 
approximately 1.5% of the total power generated. 

Table 5 shows, in the first part, a summary of the principal 
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TABLE VII 


1.05585 IN INrER-sTATION TRANSMISSION LiINES FOR THE YEAR ENDING JUNE 30, 1906 


Loss in per Per cent. of 
Kilowatt- |cent. of total} Loss in per | total gener. 
hours power cent. of input| ated power 
generated transmitted 
Three-phase 2.300. volt lines....... 1,556,081 2.09 8.41 24.8 
Three-phase 4,600-volt lines...... 98.813 0.132 1.52 8.7 
Three-phase 6,600.volt lines...... 710,577 1.04 3.55 29.1 
230-volt direct-current tie-lines.... 494,282 0.66 18.30 3.6 
Тоїа1...........................] 2920 653 3.92 5.92 
TABLE VIII 


Losses І FEEDERS AND Mains POR YEAR ENDING JUNE 30, 1906 


Loss in per 
Kilowatt- |cent. of total] Loss in per 
hours power cent. of input 
generated 
*2300-voit commercial lines...................-1 1,854,854 2.50 25.1 
.230-volt direct-current feeders. ................] 1,901,948 2.55 4.93 
*230-volt direct-current гтаіпѕ.................. 641,343 ‚86 2.00 
*500-volt direct-current Ёсейегѕ................. 74.466 0.10 9.15 
*Street-lighting сїгсїїї$....................... 809,103 1.08 9.53 
*Meter potential Їїоз5е$........................] 482,132 0.65 
Тош лын deu атое etit 8,763,846 7.74 10.5 


TABLE IX 


DivisioN OF KitowATT-HOURS SOLD BY DISTRICTS FOR THE YEAR ENDiNG JUNE 30, 1906 


Per cent. 
kilowatt- 
Station hours 
received 
1-13 68.9 
14 100. 
15 100. 
16 75. 
17 98.3 
18 63.5 
19 55.4 
20 52.4 
23 55.9 
25 72.8 


69.8 Total System Sales 


————————————!'H'ÉÁHMH a nd 
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items without subdivision. The latter part of the table sub- 
divides the total losses in the system into divisions which are 
treated individually in the later tables. ; 

In Table 6 the losses in station apparatus are subdivided aad 
distributed among the various pieces of apparatus used in 
the operation of the stations. Ae s 

Table 7 indicates the losses in the inter-station transmission 
lines. 

Table 8 shows similar data on feeders and mains. | 

Table 9 shows the percentage of sales in each sub-station 
district as compared with the current delivered to that district 
for distribution. In explanation of this table, it should be noted 
that stations 1 to 13 include the direct-current district and а 
portion of the alternating-current district. Stations 14, 15, and 
17 represent stationsto which current is sold wholesale, to be re- 
distributed by the local companies controlling these districts. 
Stations 16, 19, 20, and 23 represent sub-stations, each of which 
distributes service to one or more cities or towns in the suburban 
districts. Stations 18 and 25 represent small generating stations 
which are still in service in two of the recently acquired supurban 
districts. 

In making comparisons of the several districts, some of the 
individual characteristics of each district should be understood. 
Station 16 supplies a district where large amounts of power are 
used, also a large amount of street-lighting service. Station 18 
supplies a district similar to 16, except that the amounts of 
power and street lighting service are relatively less. 

Stations 19, 20, 23, and 25 supply service to districts covering 
large areas where resident lighting and a moderate amount of 
street lighting are the only uses made of the service. 

The preparation of these data involves the labor of one man 
for a period of approximately one week each month. It is his 
duty to watch the operation of the system through the 'statistics 
furnished him by the operating and sales departments, com- 
paring them with data which have been prepared representing 
the possible maximum conditions of efficiency of operation of 
every piece of apparatus and reporting for investigation any 
divergence from the estimated average operating losses. The 
curves, which are prepared monthly, show the percentage of 
losses in the current handled by each motor-generator, storage- 
battery, balancer, booster, exciter, step-down transformer, 
constant-current transformers, or any other station apparatus, 
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thereby providing means for immediately detecting any unusual 
results, and furnishing an invaluable check on the operation. 

Aside from the value which these data тау have from an 
operating point of view, it is of considerable interest in indicating 
the characteristics of each district as a revenue producer, thus 
making it possible to judge accurately of the advisability of 
making extensions for the different classes of service. 

If there should be undertaken at this time the construction 
of a generating and distributing system similar to the one under 
consideration, the installation would be made under conditions 
which would eliminate the disadvantages encountered in recon- 
structing existing equipments, as in the present case. This 
would be particularly true in certain parts of the country, where 
the limitations placed by the local authorities on permissible 
operating conditions are less severe, and where the quality and 
the continuity of the. service are not of such paramount im- 
portance,— all such conditions tending to greater economy and 
reduction of operating losses than is possible in the present svs- 
tem. 
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Discussion ON " RELATIVE MERITS ОЕ THREE-PHASE AND 
ONE-PHASE TRANSFORMERS,” AT CuicAco, ILL., May 24, 
1907. 

(Subject to final revision Jor the Transactions.) 

Peter Junkersfeld (by letter): A decision as to the use of 
three one-phase transformers or one three-phase transformer 
should take into consideration all local conditions. The five 
disadvantages enumerated by Mr. Peck will in some cases be so 
great as to prohibit the use of three-phase transformers; in other 
cases these disadvantages may be negligible. 

In a small system, or in any system in which the total number 
of units are few, the '' greater cost of spare units ” and “ greater 
derangement of service " often throws the balance in favor of 
three one-phase transformers. However, the troubles with, or 
breakdowns of, three-phase transformers have perhaps been less 
than 1s generally supposed. 

The Chicago Edison Company had in service on May 1, 1907, 
about 42,000 kw. of three-phase transformers, which type it has 
installed exclusively in connection with synchronous converters 
during the past six years. "The one-phase transformers installed 
previously for converters aggregate about 8,000 kw. The 
company also has in service as step-up and step-down trans- 
formers for generators or lines a total capacity of about 6000 kw. 

In reviewing the ten years’ experience in which the one- 
phase transformer capacity has grown to 14,000 kw., and the 
Six years’ experience in which the three-phase transformer 
capacity has increased to thirty-two units varying in size from 
550 to 2200 kw. and aggregating 42,000 kw., we have found that 
the total number of '' troubles " where transformers have been 
taken out of service have been less with the three-phase than 
with the one-phase transformers. In fact, there was only one 
case worthv of notice with three-phase transformers, and even 
in this the damage was not serious. The one-phase transformers 
varied in size from 100 to 500 kw., some oil-cooled and some air- 
blast. 

A fruitful source of transformer troubles are the taps for 
various voltages and the wiring inside the top of the transformer. 
The above mentioned three-phase transformers were not adopted 
until the svstem was so well developed that a great multiplicity 
of taps was no longer necessary. This, with the particular 
attention paid to the wiring inside the top of transformer, ac- 
counts partly for the few troubles with the three-phase trans- 
formers. The latter also embody all of the latest developments 
in transformer design known, having been in service little more 
than six years, while some of the one-phase transformers have 
been in service for a much longer period and are thus of earlier 
design. 

In small and often uncertain undertakings, and in pioneering 
or extraordinary extension work, there are cases where three- 
phase transformers should not be used. The advantages 
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of three-phase transformers are, however, so great and the 
results obtained are so good, both in this country and in Europe, 
that the use of three-phase transformers merits the most careful 
consideration in every case. The undertaking that is small 
to-day may become large to-morrow, and the growth or change 
in condition usually makes the situation more favorable for 
the three-phase transformers. 

R. F. Schuchardt: Our experience has been of such a nature 
as fully to justify the decision made six vears ago to adopt the 
three-phase transformers in our converter sub-stations. Where 
the installation is connected to an overhead line, or where the 
units are small in number, the situation is, of course. different. 
I. refer to an installation such as ours where the system is very 
large and has underground transmission lines throughout. The 
disadvantages enumerated by Mr. Peck almost entirely disap- 
pear in such a system. Taking them individually: 

'" Greater cost of spare unit”. Ап individual unit being 
only a very small portion of the total installation, the expense 1s 
comparatively small and the saving due to use of three-phase 
transformers will more than offset this. 

“ Greater derangement of service іп the event of breakdown ” 
and ''Greater cost of repair". The transformer breaks down 
so seldom that one can very well afford to take the risk, especially 
in view of the advantages. 

" Reduced capacity obtainable in self-cooling three-phase 
units ", Units of this kind are not generally used self-cooling. 
A blower system 15 usually installed in order to get greater 
capacity out of the apparatus. . 

" Greater difficulties in bringing out taps for a large number 
of voltages ". As Mr. Junkersfeld has said, the transformers 
are now so well standardized that a large number of taps are not 
required. We do not even avail ourselves of the advantage to 
be obtained, in case of part breakdown, by having the delta con- 
nection on both primary and secondary. We connect the 
secondaries in star and then join the star points together and to 
the neutral of the three wire direct-current system. The con- 
verters thus also serve as balancers. 

C. W. Stone: Most of the discussion seems to be based upon 
thelargersize units. Ithink that we ought to consider the small 
unit for pole work. IJ think this is one of the places where three- 
phase transformers are particularly well adapted. Оп poles 
we are always crowded for space, and that 1s where we need the 
smallest unit that we can get for the maximum output. That 
means the three-phase transformer. 

Another point, which has not been mentioned at all, 1s the 
underground circuit in manholes. I do not think there is any 
place more crowded or any place that gives more trouble than 
the apparatus installed in the manhole. Therefore the three- 
phase transformer is particularly good in that place because the 
connections are so much simpler, and the trouble in the man- 
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holes comes principally from a poorly made connection. In a 
three-phase transformer there are fewer of them and therefore 
less chance of poor work. 

In large size units in large stations the question is not so much 
the question of cost of spare unit as it is the question of the 
design of the station. Frequently transformers are left until 
the last thing. The transformers and the switchboards are 
always left until after the station 1s designed, and then we have 
to tuck them away in some corner. Therefore the question is 
reliability. The extra cost of spare apparatus, etc., does not 
come into the question at all. It isa question how much we can 
get in the smallest possible space. There again we have the 
three-phase unit. As far as reliability is concerned and the cost 
of repairs, I think Mr. Schuchardt and Mr. Junkersfeld pointed 
that out very well "The total percentage of breakdowns and 
the total necessity for repairing is so small that I do not think 
it ought to come into the question at all. The three-phase 
transformers do not burn out any more than the single phase. In 
fact, the burn-outs are so few that we can disregard them en- 
tirely. 

There was a question in Mr. Peck's paper about operating the 
three-phase transformer with a Y connected secondary, stating 
that with the delta connection we could operate with one phase 
cut out and operate the other two on open delta. This is also 
being done in many places with the Y connection using the 
ground return where the system is grounded. This has hap- 
pened in a number of cases where three-phase units are installed 
and one of the lines has broken down and with a grounded neutral 
all the rotary apparatus and similar apparatus has gone on 
operating, and the sub-station man hasn't known that the main 
line was out until it was reported from outside. 

Walter S. Moody: It is pleasant to find Mr. Peck such a 
thorough convert to the advantages of the three-phase trans- 
former. It is to be regretted, however, that America had to 
lose so able an engineer before European practice convinced him 
of the wide range of usefulness of the three-phase transformer. 

It was quite natural that American practice with its strong 
appreciation of the desirability of simplification and standardiza- 
tion of design and construction should for a long time have 
neglected the saving in cost, simplicity, etc., resulting from the 
use of three-phase transformers by using single-phase trans- 
formers exclusively. As the volume of transformers manufac- 
tured increased, however, the force of these considerations largely 
disappeared, due to the fact that larger transformer makers had 
such a large output that the cost of manufacturing a given 
capacity of both single- and three-phase transformers would not 
beZappreciably greater than making the same capacity of single- 
phase transformers only. Опе not acquainted with the facts 
might conclude from remarks in Mr. Peck's paper that three- 
phase transformers have been in use in this country but а very 
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short time and had been produced in very small quantities. 
While undoubtedly American desire for simplicity and inter- 
changeability retarded more than it should the use of the three- 
phase transformers, I have strongly advocated their use for six 
or seven years, and have been responsible for the design and 
building of some 450,000 kw. ranging in size from five to 7500 kw. 
units. 

Mr. Peck's paper puts the advantages and disadvantages 
most clearly, in my opinion, and in all important respects, most 
accurately. There are one or two minor points in connection 
with the relative advantages of the core or shell-type construc- 
tion as applied to three-phase transformers on which I would 
differ slightly. First, with reference to the ease with which 
repairs may be made on the core type. I think the European 
practice of a removable yoke is sufficiently objectionable to 
offset its advantages. Bolts in a transformer core are always 
a source of danger, in that the insulation around them may 
become charred or otherwise damaged, thereby greatly increas- 
ing the eddy-current losses. The butt-joint between the yoke 
and the rest of the core can only be satisfactorily made if the 
surfaces that are to come in contact are milled or otherwise 
finished to a true surface. If the surfaces are not finished, or 
even if they are, the eddy current between the sheets in the two 
parts of the core may readily be sufhcient to cause the welding 
together of the laminations that Mr. Peck mentions. Some 
manufacturers use thin sheets of paper between the two parts 
of the core to avoid this, but the thinnest paper results in a ma- 
terial increase in magnetizing current. 

The labor involved in removing the yoke, if 1t be interleaved 
with the rest of the structure, is not so great as might be sup- 
posed. I have seen such a yoke on a 500-kw. transformer re- 
moved and returned to position in fifty minutes. This 1s cer- 
tainly not a long time compared with the other necessarv 
operations, including the removal of the transformer from the 
tank and the exchange of coils. 

As one of the disadvantages of the three-phase transformer, 
Mr. Peck mentions the likelihood of a burn-out in one phase 
being communicated to adjoining phases. This is quite likely 
to happen in case of a bad short-circuit in the core-type construc- 
tion, but I have never known it to happen in the shell type, as 
the large bodv of 1ron between the phases protects the copper 
in different phases, except the portion that projects bevond the 
cores, and at these points it is easy to put in a fire-proof barrier. 
Consequently, the somewhat greater ease with which the core 
{уре may be repaired is largely offset by the fact that the 
damage 1s likely to be less restricted 1n its extent than in the shell 
type. 

I agree with Mr. Peck regarding those crosses between a 
single-phase and a three-phase transformer which consist of two 
single-phase transformers 1n one case connected open delta or T. 
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While the T-connected sets have a limited field of usefulness, 
because they only admit of returning current to the neutral of 
the svstem, yet they are neither single nor three-phase, and like 
most compromises, are undesirable in many ways. 

W. B. Jackson: Опе point has not been brought out which is 
certainly an important reason for our not having adopted the 
thre^-phase transformer in America. It has not been many 
years since the operator or the peison in charge of an electric 
transmission plant, in a district where serious and destructive 
lightning troubles were encountered, held his breath during 
every lightning storm and he usually has had experiences where 
one single-phase transformer has gone out of business and the two 
remaining have saved the day without disturbing his service. 

There is a statement in Mr. Peck's paper to the effect that for 
important work single three-phase transformers are used in 
Europe. I question whether, for what we would consider im- 
portant power work, we should be willing, even with the present 
design of transformers, to use a transformer without some re- 
serve. With the present improved transformer design, we have 
arrived at a time when the question of reserve is not so im- 
portant as it was a few years ago, and when it may be policy 
in some cases to use a single transformer without reserve in 
cases where the service is not very important. But if we 
assume a condition where the light and power for a town, a 
small town if you please, is being supplied from the transformer 
the service demands a reserve. The same 15 true of a mining 
camp, especially so if hoists and mills are being supplied with 
power, and so it goes with most classes of service. One must 
have an arrangement by which a portion of the apparatus may 
be taken out of service and still the service will go on. 

We all appreciate the tendency that the prevailing opinion has 
to change one's ideas on subjects, and I wonder how much the 
opinion of a person who changes his abode from America to the 
‘Continent will change. I remember, five years ago, discussing 
with a prominent engineer of Austria the relative advantages 
of using three-phase transformers for transmission work as com- 
pared with single-phase transformers. He was unwilling to be 
convinced that there was a single reason for the use of single- 
phase as against three-phase transformers until I took up the 
matter of the lightning conditions as they exist in America. He 
was then willing to admit that there might be cases where single- 
phase transformers would work into a power transmission scheme 
with advantage The feeling of this engineer seemed fairly to 
represent the opinions of most European engineers. 

P. M. Lincoln: There is one objection to the three-phase 
transformer that has not yet been brought out. I refer to the 
matter of leads. In very high voltage transformers, say 60,000 
volts and above, it is one of the most difficult elements of the 
design to bring out the leads properly, and where it is a question 
of bringing out three leads for 60,000 volts instead of one, as is 


1616  HIGH-TENSION TRANSMISSION [May 24 


the case with a grounded neutral Y transformer, or two, as is the 
case with a single-phase transformer to work in delta, I believe 
the difference is quite considerable, and that the difficulty of 
bringing out those three leads in the case of the three-phase 
transformer as against the one or two leads in the case of the 
single-phase transformer 15 a question to be taken carefully into 
consideration. That objection applies only to the very high 
voltages. Even with two leads brought out, practically all the 
avallable space 1s taken up bv those two leads. 

If we have three transformers connected in delta it is possible, 
as we all know, to go ahead and do business on the two remain- 
ingin. However, when that occurs, either there must be an in- 
terruption to the service in order to cut out the damaged trans- 
former (if it be damaged) or else we must have automatic ap- 
. paratus such as reverse-current relays or something of that 
kind to cut out the damaged piece of apparatus automatically. 
Now reverse-current relavs theoretically can be so constructed 
as to do that all nght, cut out that damaged piece of apparatus 
and let the other two go on and do business. However, the 
experience that I have had with reverse-current relays and such 
apparatus would lead me to be rather doubtful whether in actual 
practice such a scheme will work satisfactorily. When we get 
a short-circuit on these high-tension lines, with the tremendous 
amount of power behind them and synchronous apparatus on 
the ends of the line, there are surges and other effects going on 
in that svstem which we do not know very much about. 

C. W. Stone: About bringing out the high-tension leads 
from very high tension transformers. I think there is a decided 
difficulty in bringing out the leads of a high-tension transformer. 
I think there again the three phase transformer comes in, be- 
cause we only bring out three leads as against six in three 
single-phase transformers, and wherever we pass through a case 
there 15 a weak point. We have six weak points on three single 
phase transformers and only three weak points on the three phase. 

P. M. Lincoln: That applies when the transformers are con- 
nected in delta. On the verv high tension lines we have the 
middle of the star grounded and that makes it necessary to 
bring out onlv one high-tension lead from each transformer. 
The other lead can be connected right to the case inside. 

C. W. Stone: I meant to confine mv remark to the delta con- 
nection. 

Edward A. Wagner: It seems to be the concensus of opinion 
that the three-phase transformer is the proper thing, based I 
believe on the assumption that the secondarv load 1s three-phase 
distribution to a three-phase motor. In this country the prac- 
tice of a good many stations 1s to have three-phase generators, 
and distribute mixed loads; that is, motors and light; and where 
they distribute for hght the distribution 1s frequently scattered 
so that it would not pay to put in a three-phase transformer to 
furnish the light. In such cases the single-phase transformer 
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is far more desirable, because the extra copper required for 
running the secondary lines would more than offset the ad- 
vantages of the three-phase transformer. I think, then, that in 
taking up the question of preference of three phase over single 
phase, it is acknowledged that the three-phase transformer is 
more efficient than three single-phase transformers com- 
bined, but there are other cases where the condition of operation 
may possibly determine the necessity of installing single-phase 
transformers. 

А. Н. Pikler: Mr. Moody says that the disadvantage of the 
core-type transformers with butt-joints is that the insulation 
around the bolts might get damaged. That may be so, but 
not if the transformer is properly made. 

As to the increase of eddy currents due to the milling of the 
adjoining surfaces. The decreasing of the eddy currents 1s done, 
not by interposing a sheet of paper between the yoke and be- 
tween the legs, as Mr. Moody suggests, but by interposing paper 
between the sheets of the yoke, or between those of the leg. 
As to the increase of the magnetizing current, it seems to me 
that the magnetizing current in a shell-type transformer, other 
things being equal, is a good deal higher than in a core-type trans- 
former where the surfaces are carefully milled, because the mag- 
netic reluctance in a shell-type transformer on account of the flux, 
the lines of force, traveling from one plate to the one above, 
and so on, or from one plate to the adjoining plate in the same 
plane through an air-gap, is much greater than in a core-tvpe 
transformer with butt-joints. It seems to me that the core-type 
transformer with the butt-joints is a great advantage to the cus- 
tomer, because it enables him to repair a transformer in a very 
short time. For instance, such a transformer even above 400 or 
500 kw., if a coil is damaged, may be repaired in four or five 
hours, whereas in a shell-type transformer one has to pull out 
every single sheet of the core, and then take the coils out, repair 
the coil, then build up again the core by single sheets. This 
causes great delay in repairing. It takes probably two or three 
days, and with large units repairs cannot be made at the station 
at all; the units have to be returned to the factory. Whether 
it is butt-joint or not, I believe that the proper construction for 
a high-tension transformer is the core type, because ina core- 
type transformer one can separate very easily and conveniently, 
either by insulation or by oil ducts the high- and low-tension 
windings, whereas in shell-type transformers, both the high and 
low-tension coils necessarily must be supported by one support, 
and on that support the creeping surface cannot be made large 
enough to allow a good insulation. It is necessary to put very 
heavy insulation between the coils and core, between or over 
the high-tension and low-tension coils. "The disadvantage of this 
is that if there is good insulation, there is retained within the 
coil also the heat which cannot radiate, whereas between the 
high- and low-tension coils in a core-type transformer there is 
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always circulation through the open duct around the coils. This 
is not the case with the shell-type transformer. In the shell- 
type transformer coil there are quite sharp corners on the top 
and bottom of the coil and at the same point there is the support 
of the coils. From this it can be seen that at the very point 
where the construction is mechanically the weakest, it is also 
weakest electrically, and it 1s also weak from the point of 
heating. 

E. N. Lake: Irrespective of minute details of manufacture, 
I think we would probably all agree upon the use of three-phase 
transformers if we confined that use to distributing systems 
consisting of a large number of sub-stations interconnected by 
means of underground circuits. But in the matter of the use of 
these transformers for interurban railway conditions in which 
there is a string of sub-stations, any one of which 1s quite essential 
to the operation of the road. the danger of interruption to the 
service would be materially greater in the case of a three-phase 
transformer than with three single-phase transformers. I have 
in mind a road some 35 or 36 miles in length, wh:ch depends for 
its operation upon three sub-stations. These sub-stations are 
equipped with three single-phase transformers, each operating 
a single converter. One spare transformer was provided, 
making a total of ten transformers for the system. During 
lightning or other disturbances upon the svstem, when some of 
these transformers went out, it was possible to operate with only 
60% of the transformer equipment in service; that 1s to sav, with 
four out of the ten transformers out of service, the road could 
still operate. Ithink that those who arc interested in the opera- 
tion of such roads, where there are not the advantages of the 
interconnected system and not the protection against lightning 
of the underground distribution, will hesitate to recommend the 
three-phase transformers. 

H. B. Gear: With regard to the use of three-phase trans- 
formers for pole work suggested by Mr. Stone, in view of the 
possibility of using the open delta system for such installations, 
the use of small three-phase transformers dees not seem to be 
especially advantageous. The saving thus made by the use of 
two single-phase transformers instead of three 1s about equiva- 
lent to the saving made in manufacturing cost by installing 
three cores in one case. Furthermore, so far at least as one 
company is concerned, the prices quoted for the three-phase 
units thus far show no saving whatever over the cost of three 
single-phase units. 

As to the larger units, say over 25 horse-power, where it 1s 
customary to use three one-phase transformers, where they are 
mounted on a pole the disposition of the weight is rather more 
easily effected where there are three single units than with one 
unit. А 60- or 75- or 90-kw. unit, which would be required for 
a good many three-phase installations in Chicago, is а very 
awkward thing as a single unit to set on a pole, unless a plat- 
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form of some sort be set to one side, or a separate pole set and 
a platform put between them, whereas three 20- or 30-kilowatt 
units can be installed on ordinary hangers by using double arms 
of a httle extra strength, without any platform construction 
and at less expense of erection. 

As to the use of underground three-phase units, the ad- 
vantages cited bv Mr. Stone are undoubted in that the number 
of joints in the manhole 15 reduced, but there is the quite ma- 
terial disadvantage that a three-phase unit of 60 or 75 kw. is so 
large that special manhole covers must be provided to get the 
apparatus in and out of the manhole, whereas with the single- 
phase units, either of them which may be damaged can be taken 
in or out through an ordinary size manhole cover. 

Perhaps the most serious objection, however, to the use of 
three-phase units in a large distributing system 15 the fact that a 
full equipment of another type of apparatus must be carried in 
stock. To a company which 1s installing and removing every 
day a considerable number of transformers for both lighting and 
power purposes, the question of keeping a full quota of all sizes 
in stock is a matter of great importance. Most central stations 
have, therefore, found it preferable to use the same kind of trans- 
formers for both lighting and power, as they can thus carry a 
line of three or four of each size in stock and are prepared for any 
three-phase power installation or for any lighting installation 
at any time. 

А. Н. Pikler: I notice that the matter of regulation has not 
been taken up at all in the comparison between single-phase 
and three-phase transformers. The regulation of a single-phase 
transformer is better than that of a three-phase transformer. 
The regulation depends, especially in the case of power trans- 
formers, where the load has a power-factor less than unity, 
mostly upon the reactance of the transformer. In a core-type 
transformer the reactance depends upon the length of the leg 
over which the coils are distributed, the relative distance be- 
tween the coils, and finallv the thickness of the coils. In a 
shell-type transformer it depends on the dimensions of the coils 
and the number of subdivisions between the primary and the 
secondary coils. If we make three single-phase transformers 
into one three-phase transformer, then, in a core type, we have 
to use a shorter core and thicker coils, consequently the reactance 
of the transformer will be greater. In a shell type when com- 
bining three single-phase transformers into one three-phase 
transformer, we have to crowd the coils together, and make them 
thicker, allowing less intermingling between primary and 
secondary coils, else the magnetic circuit will grow too big, the 
weight of.iron too great, and the magnetizing current excessive. 
So from this we can see that the reactance in both cases 1s greater 
and the regulation of three-phase transformers compared with 
single-phase is worse. 

Edward Н. Wagner: I do not agree with Mr. Pikler on that 
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score. The combining of three single-phase transformers into one 
common unit or on one common magnetic circuit does not affect 
the reactance of those coils, because the reactance of the coils 
due to the leakage in the iron is negligible. The internal reac- 
tance of the coils is proportional to the area of the path between 
primary and secondary and inversely as the length. Combining 
them on a magnetic structure so as to get a multipnase magnetic 
path does not affect the reactance of each separate coil, and it 
should not, therefore, affect the regulation, since the regulation 
is due entirely to the combination of the resistance and the 
reactance of both primary and secondary coils. 

A. Н. Pikler: I did not say that the combined flux affects 
the primary and secondary coils of the reactance at all. I took 
one single-phase transformer alone and one three-phase trans- 
former alone, a single phase transformer of one-third of the 
capacity of the three phase and the three-phase transformer the 
aggregate capacity of three single-phase transformers. If you 
know what are the factors in determining the reactance of a 
transformer, it 15 obvious that in a single-phase transtormer 
those factors are more favorable for a smaller reactance thanina 
three-phase transformer. The combined flux has absolutely 
nothing to do with it. 

Edward A. Wagner: As I understand Mr. Pikler, his compar- 
ison 15 on the basis of, say, 300 kw. capacitv. Не makes the 
statement that if we have a 300-kw. three-phase transformer, and 
on the other hand three 100-kw., single-phase transformers, that 
the single-phase transformers connected delta or Ү, which ever 
way he pleases, will give better regulation than the 300 kw., 
three-phase transformer. Now the only difference between 
the three single-phase transformers and the one three-phase 
transformer is that the three-phase transformer has the same 
number of coils combined on a smaller core, and since the core- 
loss 15 proportional to the weight, we gain greater efficiency in 
total output. But as far as reactance of the coils and the re- 
sistance and the weight of copper in the outfit, there is no 
difference between the three single-phase transformers and the 
one three phase transformer, because the reactance of the coils 
is the same in either case. 

А. S. McAllister (by letter): Mr. Peck says that 


On accourt of the phase relations of the currents, thecapacity of each 
(V-conrected сг T-connected) transformer must be 15 per cent. greater 
than half the capacity of the three-phase transformer, with a correspond- 
mg inerease in cost and losses. There is ancther serious objection to 
this (either the T cr V) arrangement, for on account of the out-of-phase 
relation of ve Каре and current the voltage across the three phases will 
not remain balarced as the load comes on. 

The author’s remarks are true when applied to the V-con- 
nection, but they must be somewhat modified when dealing 
with the T-connection. When two transformers are T-con- 
nected on both their primary and secondary sides, one of the 
transformers must be designed for 15.5 per cent. more volt- 
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amperes than one-half the rating of the equivalent three-phase 
transformer, but the other transformer is subjected to exactly 
one-half of the volt-amperes of the three-phase transformer. If 
the voltage between the phase leads is E, and the current per 
lead 7, the three-phase transformer must be designed for 1.732 
I E; one of the T-connected transformers would be designed for 
I E and the other for 0.866 E I. 

Two transformers with T-connected primaries and secondaries 
will transform three-phase power from one voltage to another 
without voltage distortion equally as well as will two similar 
transformers used to change power from two-phase to three- 
phase; even for unbalanced loads the transformation will be 
satisfactory, provided only that the transformer with the larger 
volt-ampere rating be constructed with its primary and secondary 
coils well interspaced. 

W. F. Lamme (by letter): The strongest argument against 
using three-phase instead of single phase transformers is the one 
of accident to the transformer, but when the installation of 
transformers becomes very large so that the number of reserve 
transformers becomes large this argument of accident decreases. 

Transformers as built to-day by responsible manufacturers 
are quite reliable, and the chances of breakdowns are, or can be 
made, remote. In the case of three-phase transformers this 
reliability can be increased by the use of more careful design 
and construction and higher insulation tests, and the customer 
can still get his three-phase transformer at less than three 
single-phase transformers will cost him, and the risk of a shut- 
down in the two cases due to accident to the transformer may 
be considered as equal. 

K. C. Randall (by letter): For quite small units up to ap- 
proximately 100 kw., or even larger, where interruption may be 
tolerated, the three-phase unit will doubtless show up well. 
Where the units are larger and isolated, and especially where 
continuity of operation is of prime importance, three single- 
phase units will probably show better in three-phase work. As 
sizes of 1000 kw. and larger are approached, the three-phase 
units again come to the front, especially as to installation costs. 

As to handling when the station is new, during the course of 

construction provisions may be made for lifting nearly any size 
unit which it may seem desirable to install; therefore, the choice 
of the single-phase unit is not necessarily an essential considera- 
tion. If a large growth of power business is contemplated, and 
if at first it 15 desirable to install but one or two of the future six 
or eight units, it may be advisable to use the three-phase units 
irrespective of their size. 
If the station be an old one, it will probably be desirable to 
adhere to the already selected type of unit, unless the original 
choice has been subject to improvements, which would warrant 
the selection of different units. This would mean two different 
types within the same station, or upon the same system, and 
probably sacrifice the interchangeable feature. 
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The failure of a three-phase transformer or of one of a group of 
single-phase transformers is about of equal significance in its 
bearing upon a shutdown. In either case, if operation 15 delta- 
delta, switches may be so arranged that the transformer on 
the faulty phase may be cut out, the remaining two transformers 
operating in V to carry a portion of the load. This applies 
equally well to the single-phase or three-phase units. Sheil 
type transformers are here contemplated. A failure in any 
phase of a core type will put the transformer out of service, unless. 
the faulty phase can be opened and isolated. If operation were 
star on either end, then operation could not be continued until 
the unit was repaired or replaced. The cost of the three single- 
phase units with a spare may be called 400%; and the cost of 
two equivalent three-phase units 500%. The cost of two groups 
of single-phase units; that is, six transformers, will be 600%. 
As a matter of fact, it is doubtful if the two three-phase units 
will actually cost any more than the four single-phase units when 
they are finally installed, wired up, water-piping completed, and 
ready for operation, the single-phase unit being arranged so 
that any three may operate in a bank, and the three-phase units 
being arranged to operate singly or in parallel, as may be de- 
sirable. It should not be lost sight of that the three-phase 
units have a capacity of 200%, while the three single-phase 
units have a capacity of but 100%, it being impracticable to 
use the fourth transformer to advantage with the delta-connected 
group. However, the four transformers may be connected in 
open delta, two on each leg, so that a capacity of 1395 higher 
with the same heating effect in the transformers, ' is obtained. 
The gain in capacity is in general obtained at the expense of 
regulation, it being well known that transformers operating 
in “ V " or open delta, do not give equal regulation on the three 
legs of the three-phase circuit. 
. It would then appear that for good size units, say 1500 to 
2000 kw., in stations where considerable power is to be used and a 
continual growth of business is expected, it will frequently be 
advisable to employ three-phase units rather than single-phase, 
as in this way complete new units may be installed one at a 
time to much better advantage than if single-phase units were 
used in groups of three. The three-phase unit being the heaviest, 
it will generally be more difficult to handle, particularly in the 
case of old stations where crane facilities are very limited; yet 
it still may seem advisable to install the three-phase unit, making 
a special effort for this purpose. Side tracks are now general'y 
found near stations, so that the transportation matter is pretty 
well taken care of. 

There is a tendency to ship transformers unassembled, as 1s 
done with large generators. If this is done the disadvantage of 
_ the additional weight of three-phase over single-phase units is 
small, and it will only require the attention of an experienced 
man for a nuniber of days to put together the three-phase units. 
on the premises rather than at the manufacturer's works. 


1907] DISCUSSION AT CHICAGO - 1623 


D. L. Huntington (by letter): For nearly four vears the 
company with which I am connected has been purchasing three- 
phase transformers for nearly every installation of 150 kw. or 
more, and is using transformers of this kind in sizes from 150 
kw. to 2200 kw. These transformers have been installed on 
60,000-volt lines, star-connected with grounded neutral. Under 
these circumstances there would be practically no advantage in 
case of breakdown by the use of three one-phase transformers, 
as the latter could not be used to obtain temporary service. 

On all remaining points the three-phase transformer has a 
distinct advantage; namely, first cost, convenience, simplicity 
of wiring, space occupied, piping and general expense of drying 
out, filling with oil and installing. If the large quantities of oil 
used in transformers be considered a serious fire-risk, the one- 
phase installation will be much more of a risk than the three- 
phase on account of the larger quantity of oil required. 

Mr. Peck savs that with the core-type one- or three-phase 
transformers there is much less need of providing spare capacity 
than if the shell type is used. I wish that our experience would 
bear out this conclusion; but unfortunately we have had all our- 
transformer troubles with core type and none with shell type. 
I will of course admit that 1n case of a burn-out the core type is 
much more readily repaired; but in that very fact lies the reason 
of its inferiority as against trouble, for the looseness of construc- 
tion, which so readily admits of the removal of coils is the cause 
of most of its failures, so far as our experience goes. 
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DISCUSSION ON '" POTENTIAL STRESSES AS AFFECTED BY OVER- 
HEAD GROUNDED CONDUCTORS,” AT CHICAGO, May 24, 1907 


(Subject to final revision for the Transactions.) 


Р. М. Lincoln: I consider Mr. Jackson’s paper an interesting 
discussion of a very important topic. It is, as Mr. Jackson 
admits, purely a theoretical discussion of the amount of protec- 
tion which may be expected from an overhead grounded wire. 
Many transmission line operators believe that this overhead 
grounded wire has no virtue; others believe that it has a great 
deal of virtue. I expect that there are representatives of both 
camps present and I hope the discussion will be complete. 

Dugald C. Jackson: This paper relates to a subject that was 
discussed at the last Niagara Falls meeting of the Institute. 
It was there somewhat vigorously discussed on both sides. 
It seems to me that the art has progressed a good deal since 
that meeting, and the iron tower has become very much more 
important as a support for transmission lines than it was then. 
At that time one could consider for the larger portion, at least 
of existing plants and perhaps the larger portion of plants then 
under construction, that the wires were erected upon wooden 
pole lines with wooden cross-arms, and that one could rely to 
some considerable degree upon the insulation of the wooden 
parts supporting the insulators. At the present time one must 
look upon the future transmission lines, and even the most im- 
portant transmission lines of the present day as they are being 
built, as lines supported upon iron towers and therefore lines 
for which one can only rely upon the insulators themselves to 
give the insulation. It seems to me that the latter condition, 
as compared with the old wooden pole lines, makes this dis- 
cussion of the overhead grounded protective wire quite a differ- 
ent matter. When we had the advantage of the wooden insu- 
lation to assist the overhead insulator, anything which brought 
the potential of the earth closer to the transmission line, as 
would be the case with the overhead grounded conductor, was 
inchned to increase the probability of a breakdown of the in- 
sulator, for the reason that it reduced the amount of added re- 
sistance to breakdown by reducing the length through the 
wood. I think that that effect has to a large degree been the 
effect that has led many people tb object to the overhead ground- 
ed conductor, especially when added to the fact.that the over- 
head grounded conductors were frequently put up very badly 
and caused trouble on account 'of their poor mechanical struc- 
ture. However, even badly put up as they were of old, and 
notwithstanding the condition by which (with the wood pole 
line) the breakdown stress after the cloud discharge had oc- 
curred was increased on the insulators, the fact that the grounded 
conductor made a secondary circuit which in a certain extent 
abates the surges (as was pointed out, I think, by Mr. Steinmetz 
at the Niagara meeting I refer to), apparently gave the grounded 
conductor considerable value. 
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Now, when we come to the situation where the wooden in- 
sulation is out of the account, a reduction of perhaps 50 per 
cent. of the electrostatic stress on the insulator is well worth 
while, as Mr. R. P. Jackson points out. I doubt whether the 
reduction in the direct electrostatic stress produced by the 
grounded wire would be so great as 50 per cent., but if the re- 
duction is as great as 25 per cent., which I have been able to 
convince myself it might be, I think it might be well worth 
obtaining in the case of a line built upon iron towers., . Perhaps 
the reason that Mr. R. P. Jackson and myself differ as to the 
amount of reduction of the stress that comes about by a single 
overhead grounded wire lies in the fact that he has in his math- 
ematical formulas taken no account of the disturbing influence 
of the metal line conductors themselves, while I have tried 
to do that, and when one takes three phase wires six feetapart 
and puts a single grounded conductor a few feet above them, 
the influence is not nearly so great as one would imagine he 
would obtain from an examination of these equi-potential 
curves of Mr. R. P. Jackson's paper. This is by no means a 
criticism of Mr. R. P. Jackson's paper, which I think is a most 
suggestive paper and which comes at the very pertinent moment 
when the construction 1s changing from the old wood pole line 
construction to the preferable iron tower construction. 

D. R. Scholes: I am hardly qualified to speak on this subject, 
so far as potential stresses are concerned, but I come in contact 
quite a good deal with the problem of the grounded conductor 
in building transmission-line towers, and it is interesting to 
learn how great the range of opinion is regarding the question. 
In some very long lines using steel towers no overhead grounded 
wire has been provided. This is true with regard to the lines 
of the Niagara, Lockport & Ontario Power Company. A 
certain amount of trouble has been reported with the top in- 
sulators in these lines, presumably due to the absence of the over- 
head grounded conductor. In some cases, one, two, oras тапу as 
three overhead grounded wires are provided for in the towers; in 
other cases there are guards placed over the insulators, or light- 
ning-rods are provided, projecting considerably above the top 
of the insulator. In one installation now under construction 
in South Carolina, three overhead grounded wires are installed, 
placed in a sort of umbrella arrangement over the power wires, 
which seems to be the most extensive attempt at protection 
against hghtning or static discharges by means of grounded 
wires that has yet been made. 

The usual idea that occurs to the tower builder regarding 
the effectiveness of the overhead grounded wire is that if it is 
placed at such elevation that a plane passing through it and 
making an angle of 45 degrecs with the horizontal lies above 
all the power wires, the power wires will be protected. Where 
this idea gets its foundation I do not know, but it comes to us 
very often, and we are often called upon to place the grounded 
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conductor supports in this way. Almost without exception the 
towers that are now being built, to my knowledge, are provided 
with ground wire support in such way that if the ground wire 
is not strung at the outset it may be strung later, if dev elopments 
indicate that it 15 needed. 

H. C. Hoagland: My experience has been chiefly in Michigan 
where we have had trouble with lightning. We ran a grounded 
wire on the under side of the transmission wire, and then noticed 
that the lightning discharged down to the poles, splitting them. 
After putting on the ground-wire it practically eliminated that 
trouble. On the line from Jackson to Battle Creek two ground- 
wires were used on the top arm, one on each end of the arm, 
and that practically relieved the trouble in that case. In 
Illinois a part of the line is equipped with the ground-wire on 
top of the pole; that has only been in service about a month, 
but there has been no trouble on that line. On some of the 
other lines there has been serious trouble; they have been shut 
down four or five times in the last month. Arrangements are 
now making to put the ground wire on top of the poles as fast 
as it can be done. There is only one ground-wire, but on new 
construction perhaps it would be best to install two ground-wires. 

Р. M. Lincoln: I would like to ask Mr. Hoagland if his ex- 
perience has demonstrated that the ground-wire is of positive 
value in preventing lightning discharges? 

Н. C. Hoagland: It has been demonstrated beyond any 
question of doubt in my mind that it is a great benefit even 
on the wooden poles, asin the Michigan case. We had several 
cases where four or five poles have been split into slivers. 
Putting on the ground wire did away with all that trouble. 

R. P. Jackson: In regard to putting a lightning-rod on top 
of the tower. In some cases that feature results for good. 
Any conductor carried up above the insulator which the light- 
ning may strike if it comes that way and which will also re- 
lieve the stress through the space, that is, the electrostatic stress 
through the atmosphere, will help matters, but it is not a com- 
plete relief. I have heard of cases where devices of this kind 
have been put up and a partial relief obtained, the number of 
broken insulators was much less, but that number could be 
still further decreased by putting up grounded lines which would 
prevent the transmission lines from accumulating such a static 
charge as they would otherwise. Of course if not rcleased such 
charges will go to sub-stations and get into the generating sta- 
tions and transmitting apparatus, but probablv it will pass oft 
at the next insulator. The greater the charge the greater the 
tendency to get off on a near-by insulator. 

The result in every case has been the same; that is, the top of 
the pole has burned off, down to the ground-wire. Last year 
we built five or six miles of line, using a new form of con- 
struction. The ground-wire on one line was placed on top of 
the pole and the conductors arranged on two cross-arms below. 
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In the other case, the ground-wire was placed on one pin of 
the upper arm. There were numerous storms last season, and 
so far this year there have been four of more than usual se- 
verity. It may be only a fortunate coincidence, but the fact 
remains that none of these lines have ever caused us the slight- 
est trouble, although we have ample evidence of severe lightning 
discharges along the route. About two weeks ago one of our 
employes saw the lightning actually strike a portion of this 
line about four pole lengths from No. 5 sub-station. The only 
damage was a punctured high-tension transformer terminal 
which caused a temporary short-circuit and threw out the 
circuit-breaker. I am thoroughly convinced that had this 
discharge taken place in the neighborhood of some of our old 
lines we should have undoubtedlv lost a pole and suffered 
consequent interruption. | 

I am pretty thoroughly satisfied from my own expeiience 
that the grounded overhead conductor is the only practicable 
method of preventing insulator trouble due to severe atmo- 
spheric disturbances. I believe that the grounded conductor 
should be of a fairly large cross-section, not less than No. 4 
gauge, and preferably stranded. It should be of the very best 
quality of annealed iron, thoroughly galvanized, and should 
be grounded at least on every other pole. 

It will perhaps be of interest to tell that our type V arresters, 
as we now have them arranged, are working perfectly, and 
since their installation we have not lost five cents’ worth of ap- 
paratus due to the failure of the protective devices. There is 
a slight tendency for the cylinders to weld together under a 
very severe discharge, but careful inspection will prevent any 
serious trouble arising from this cause, since it 15 our experience 
that very seldom do a sufficient number of cylinders weld to- 
gether during one discharge to cause a breaking down of the 
arresters at normal potential. 

James Lyman: I was in Montana about a year ago and 
looked over some of the transmission lines, including the Mad- 
ison River and the Big Hole transmission line. These trans- 
mission lines were put in about six or eight years ago. The Big 
Hole line is 15,000 volts, two three-phase transmission lines 
on one pole line. This line is about twenty miles long. It 
goes over a divide in the mountains where particularly severe 
discharges take place; these discharges are so severe that when 
the pole line was built the tops of nearly all the trees showed 
indications of having been struck. There was some hesitancy 
about building a pole line there, in fact all sorts of interrup- 
tions were expected. То guard against trouble, for three or 
four miles of this divide a barbed wire was run along the tops 
of the trees that had been struck by lightning; on each side of 
the pole line. Three barbed wires were also put on top of 
the pole line, one on the extreme ends of the upper cross-arm, 
which also carried one conductor of each of the two transmission 
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lines, and one barbed wire on the top of the pole and grounded 
the wires at each pole. As an experiment, to see what the 
effect of these overhead grounded wires was, a small switch was 
put into each of the ground-wires, at the foot of the poles, so 
that all of them could be opened during a thunder storm. The 
lightning arresters were placed in the usual way at each end of 
the transmission line. The storm effects were soon watched 
after the transmission was put in, and the discharges of light- 
ning could. often be seen coming down to the barbed wire on 
the tops of the trees, also the barbed wire cn the tops 
of the pole line. The lightning-arresters were not particu- 
larly active; there was not very much going on, and for 
some six or eight months duiing the whole season there was 
no trouble. During one pretty severe storm, the switches on 
all the grounded wires were opened the entire length, so that 
the grounded wires were entirely disconnected from the ground, 
just during one storm. The lightning arresters discharged 
almost continuously, and there was anxiety lest some of the 
apparatus should be injured. It was not, however, during this . 
storm, but it was a practical demonstration of the value of 
these overhead grounded wires. In the rebuilding of the Mad- 
ison Rive: transmission, which is about 50,000 volts pressure 
and about sixty miles long, it was planned to have a liberal 
size grounded wire, grounded every three or four poles, over the 
whole line, hoping thereby to get as good service there as that 
on the Big Hole line, which ran through a district where far 
more severe storms occurred. 

From my experience the transmission lines which are protected 
by overhead grounded wies are more free from troubles than 
those which are not. Of course lightning-arresters also add 
greatly to the protection of the system, and I would recommend 
them in all cases. 

Р. В. Woodworth: Lightning protection brings to mind an 
experience I had with barbed wire. We had an equilateral 
distribution and it became necessary to put up some kind ot 
protection. A single barbed wire was placed above the equi- 
lateral triangle. To specify barbed wire is one thing, and to 
actually put up a barbed wire 15 quite another thing. After 
we got it up it apparently worked well. But once—more than 
once, once in particular that I remember— the wire broke. 
Stranded barbed wire is usually wound on a reel. When that 
wire broke it wanted to get back cn the reel, and it went round 
and round those three wires, time and time again, and one can 
imagine,the situation when it became necessary to cut down 
a barbed wire so located. 

W. L. Abbott: If I might be pardoned for introducing a 
reference to direct-current low-tension matters into this meet- 
ing, I will tell of an experience which we had in the Harrison 
St. power house of the Chicago Edison Company, which at that 
time supplied direct current only to an underground system. 
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During one particularly severe thunder:torm we noticed at 
every flash of lightning a flash at the commutator brushes, and 
at the instant of this discharge at the brushes the dynamo was 
so charged that the dynamo tenders would receive severe 
shocks if they were in contact with the machine, although or- 
dinarily the machine could be handled without any discomfort 
whatever. During this storm several switchboard instruments 
grounded to their frames and burned out. We thought at the 
time that the lightning had struck a building in the city, fol- 
lowed our conductors to the power house, and had gone to ground 
through the iron framework of the building. We decided after- 
ward, however, that the lightning had struck the iron smoke- 
stack of the power house and had finally found a ground by 
jumping from the framework of the building to the generators 
and switchboard apparatus, and then again to ground through 
the underground network. 

W. B. Jackson: It has long been the feeling among a large 
portion of men operating electric transmission lines in regions 
where severe electrical disturbances occur that well installed 
grounded conductors when properly placed are a very material 
protection. Many have figured out reasons for this protective 
characteristic from a more or less practical standpoint. Mr. 
R. B. Jackson now presents a careful theoretical analysis of 
the situation as he sees it. This analvsis, coupled with the 
practical results that appear to have been obtained by use of 
the grounded conductor, strengthens tremendously the argu- 
ment in favor of the installation of this class of protection. 
To-day it seems there is very little that is being undertaken 
in practice in the field of alternating-current transmission of 
power that can not be greatly assisted bv a careful considera- 
tion of the theory. In fact it almost seems that the old time 
condition is being reversed in these matters and that theorv 
must now ''blaze the trail" and practice finish the clearing. 
The old complaint that grounded conductors are more trouble 
than good is now a thing of the past, for it is entirely prac- 
ticable to install properly located and grounded steel wires so 
that they will give much less trouble than the line thev protect. 

There is a fine opportunity for studv upon electric lines af- 
fected by destructive electrical phenomena, by the use of the 
oscillograph. It would seem that such work when undertaken 
upon regularly operating lines should have something of the 
same zest as the photographing of the tiger in its native jungle. 
In fact it would seem that extreme persistence and patience and 
courageous endeavor, besides a good deal of experience, would 
be required to get oscillograph records of all of the phenomena 
involved. Mr. R. B. Jackson has evidently given this matter 
of grounded protective conductors careful study, but he has 
other things that must demand the greater part of his time, 
and the complete study of this subject is one that may worthily 
occupy the complete time and attention of careful И 
for an extended period. 
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This is a splendid subject to be taken up with the assistance 
of the large income of the Carnegie Institution of Washington, 
D. C., and one or more of the able scientists of that Institution 
might execute the work. I suggest that the American Institute 
of Electrical Engineers throw its influence toward such an end. 

George Hayler (by letter): I am much interested іп Mr. 
Jackson's paper. Mr. Jackson, while treating the problem 
simply from the theoretical standpoint, confirms absolutely 
our actual experience with high-tension lines. 

We have been operating a power system about forty miles 
long, at 33,000 volts, 25 cycles, for something over two years, 
and this will be the third season for electrical disturbances. 

The original lines were built in the form of an equilateral 
triangle, with the apex pointing upward, the ground-wire run- 
ning the entire length of the system, and located about three 
feet below the cross-armis. "This form of construction while 
exceedingly economical, 15, in my opinion, the worst possible 
arrangement that could be devised. Virtually all of the inter- 
ruptions to the service, caused by atmospheric disturbances, 
have resulted from the failure of the top insulators, showing 
bevond a doubt that the greatest potential strain occurs at that 
point. 


1907] DISCUSSION AT CHICAGO 1631 


DISCUSSION ON ' ForRCED-OIL AND FORCED-WaATER CIRCULA- 
TION FOR COOLING OIL-INSULATED TRANSFORMERS,” AT 
Cuicaco, May 24, 1907 


(Subject fo final revision for the Transactions.) 


C. W. Stone: Mr. Chesney points out one thing that should 
be considered in two ways, the extra floor space required. It 
is true that if one considers the space taken by the condenser 
outfit for cooling the oil and the extra pumping apparatus neces- 
sary, more floor space may be required, but that extra floor 
space can usually be found in most stations. The space neces- 
sary for the cooling apparatus, the pump and condenser, is not 
so great as the space occupied by the transformer, and they 
can usually be put away in some corner in the station. Also 
in several cases I have found it advisable to install this cooling 
coil, not in a part of the station but, say, in the tail-race, using 
the water from the turbine to do the cooling. There is not, 
therefore, the complication of extra pumping facilities; there - 
would be one set of pumps similar to those that are ordinarily 
used for forced water circulation in a water-cooled transformer. 

Another important thing to consider in connection with the 
forced oil-cooling of transformers is head-room. Most of the 
attention given in this paper is on the score of shipment. This 
is a serious matter only in the very largest size; but frequently 
in the design of a water-power station where the station is built 
right on the rock, considerable excavating 1s necessary in order 
to provide transformer compartments; and where the rock 15 
solid, the expense is considerable, and if one can dispense with 
any head room at all it 1s well worth saving, even if it is neces- 
sary to incur the expense of extra pumping facilities. 

It is also true that the oil is under moderate pressure; there- 
fore verv little trouble should be experienced from the pumping 
outfit with forced -oil circulation and separate cooling. That 
is, the troubles experienced are not nearly as serious as in most 
central stations where the oil has to be pumped anyway, and 
frequently at much higher pressure. An ordinary small, low- 
pressure, motor-driven pump is about as simple a device as 
can be put in a station. 

W. S. Moody: One little detail that Mr. Stone did not speak 
of in connection with forced-oil designs is perhaps worth men- 
tioning; namely, the incidental advantage attained when it 1s 
possible to locate the cooler in the tail-race of a generating 
station. Here, having practically an infinite quantity of water 
compared with what is actually needed for the cooling, there 
is no perceptible rise in temperature of the water. 

When the water for cooling is pumped through the cooler it 
is hardly ever practicable to use a larger quantity of water than 
that which will be raised about 10 degrees in temperature; 
consequently the average temperature of the cooling water, 
when the cooler is in the tail-race, can be considered as five 
degrees less than when water is pumped through the cooler. 
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The result is either a reduction of five degrees in the actual 
temperature of the transformer under full load, or the possi- 
bility of using a cheaper transformer having the same actual 
temperature as one cooled by artificially circulated water. 

А. Henry Pikler: The idea of cooling transformers in this 
way is not recent. The reason for the increasing use of this 
method of cooling 1s due to the development of very large 
units, which require special devices for keeping the temperature 
within the proper limits. 

The dissipation of heat in transformers with forced oil circula- 
tion is primarily due to convection and not to conduction or 
radiation. Consequently the speed with which the oil 1s forced 
through is of vital importance; the greater the speed up to a 
certain limit, the better the cooling and therefore the smaller 
the apparatus for a certain given rise in temperature. There- 
fore the statement: “ The total saving in the transformer 
proper will vary from 15 to 25% depending upon the size of 
the transformer,” has verv little value unless the speed be given. 

As їп all apparatus which has forced cooling, so with this 
one —the danger arises in the case of breakdown of the cooling 
arrangement. The density in the copper and the iron, and 
consequently the heat generated, 1s higher in this than in trans- 
formers cooled by other means. If the cooling arrangement 
gets out of order, the former kind of transformer can be operated 
without forced cooling for fewer hours than the latter: this 1s 
certainly a disadvantage їп the former system. 

W. B. Jackson: There seems to be one advantage here which 
has not been pointed out. In this svstem of water cooling 
transformers the possibilities of trouble from leaking water 
pipes may be entirely eliminated; in other words, instead of 
there being pressure tending to force the water into the oil it 
is entirely practicable so to arrange the svstem that the water 
will be drawn through the cooling coils in such a wav that the 
old danger of water getting into the oil and in that wav short- 
circuiting the transformers, is entirely overcome. 

W.S. Moody: I was just referring to this particular possi- 
bility of trouble. As soon as the idea of using the forced-oil 
method of cooling occurred to us, this source of danger natu- 
rally presented itself as something necessary to guard against. 
We do so by simply arranging that the water and oil pressures 
in the cooler be such that the leakage will be in the directicn 
from the oil to the water, so that 1f there is anv little leak the 
result is simply a little loss in oil. There is no possibility of water 
leaking in the other direction. 

P. M. Lincoln: There is one disadvantage that occurs to 
me and one which no one has yet mentioned, and one which 
the oil transformer designer realizes more than anything else: 
namelv, that oil is the hardest stuff there 15 to keep where it 
belongs; and the more piping, etc. there is to convey this oil 
around the more danger there is of getting leaks and a con- 
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dition which might be best designated bv the term “ sloppy”. 
That is, I think, one real objection to the scheme of having 
forced oil circulation rather than the present. It is undoubtedly 
cheaper; that is to sav, there are bound to be less materials 
used with a properly designed oil circulation than if the oil is 
allowed to circulate itself, and ећсіепсу сап be improved for 
the reason that with a more ethcient means of carrying off the 
heat there is bound to be an improvementin ethciency. As 
against that there is this condition of having a greater ten- 
dencv to leakage and having an auxiliary apparatus which the 
modern operator, if mv experience leads me to judge aright, 
tends to avoid rather than to court. r 

S. M. Kintner (by letter): Mr. Chesney treats only briefly a 
subject about which a great many interesting things can be 
said. In his brevity he has left at least one point that needs 
to be qualified. He savs: " The density of both copper and 
iron can be increased for the same temperature, etc.” The 
above is true for the higher frequencies only so far as change 
in density in the iron is concerned. It is not the loss and con- 
sequent temperature in the iron that prevents a greater mag- 
netic density for the lower frequencies, but it is the increased 
magnetizing currents that would follow working at any greater 
magnetic intensity. 

There are several characteristics of oil that must be borne 
in mind for a thorough appreciation of the various methods 
emploved in cooling oil-insulated transformers. 

The oil is an extremely poor conductor of heat. I have re- 
peatedly noted temperature differences of 60? cent. in a column 
of oil onlv 6 in. tall. The heat was of course applied at the 
top of the oil column. The above condition 15 one that existed 
after several hours' operation so as to insure a final balance of 
temperature conditions. 

The oil carries heat by convection currents only and con- 
sequently has a tendency to pass upward only. This makes 
it extremely important to see to it that no dead оп pockets 
exist in the transformer, as otheiwise a hot spot of 50 degrees 
or 60 degrees cent. excess might exist locally in the windings. 

The oil film'heated bv contact with the hot coil tends to rise 
along that face. This oil film is very thin and exceedingly 
diticult to measure. Temperature measurements taken bv 
thermometer laid alongside of the coil face will give an incorrect 
reading, unless specially guarded against the oil flow. Tem- 
perature ditferences of five or six degrees have been noted 
within one-eighth of an inch of the coil face when explored 
with a point thermo-couple. 

Oil acts simply as a heat ferry in taking the heat from the 
inside of the transformer to the place where it can deliver this 
excess heat to a dissipating body. It is, therefore, evident that 
large ‘‘ docking facilities ” are very essential in order to prevent 
congestion of tratlic of the little heat ferries: that is to say, 
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ample contact area between the oil and the source of heat and 
again between the oil and the dissipating body 15 required. 

All the above points should be given thorough consideration 
in the development of the various svstems of transformer cool- 
ing. The following brief discussion gives the principal points 
involved in the best known methods of cooling. 

Self-cooling, oil-1nsulated transformers. — Self-cooling trans- 
formers give up their heat to the surrounding air and the im- 
provements in these, in so far as cooling is concerned, have been 
improving the facilities of the oil for loading and unloading the 
heat. The unloading facilities have been improved by using 
corrugated cases, by using cast iron ribs and pins, by using 
larger tanks (particularly taller ones as the top of a transformer 
tank is by far the most effective radiator to the air on account 
of its higher temperature above air) and lastly by using tubes, 
containing a certain proportion of volatile liquids that will 
vaporize on being heated slightly, and consequently keep the 
tubes at almost uniform temperature throughout their entire 
length. 

All of the above devices have sought to get more contact 
area of heated air with tank or body which is to deliver the 
heat to the air and to get more oil contact surface with the 
tank or as equivalent. 

Forced water-cooled transformers. As the speed with which 
the oil moves is directly dependent upon the temperature dif- 
ference of the oil, it 1s evident that more rapid oil movements 
will be obtained in the water cooled transformer with its chilling 
water coils near the top of the tank than in the self-cooler. The 
increase in oll speed 1s a very desirable thing, as it sweeps out 
the oil vent ducts in the transformer and keeps them supplied 
with fresh cold oil. The speed of oil movement 1s dependent 
upon the temperature difference between the hot oil and the 
cold oil in which it 1s immersed. This speed can never exceed 
a certain maximum because of permissible temperature differ- 
ences being limited to fairly small values, possibly not more 
than 20 degrees cent. should be allowed. It is evident therefore, 
that this method of cooling reaches its limits from the lack of 
sufficient speed of oil movement. 

There have been some instances of cooling in which the 
transformer tank was immersed in running water. This is but 
a modification of the above method and has given satisfactory 
service in a number of places. 

Care must be exercised in using these methods to prevent 
leaks of water into the oil, as a trifling amount of water will 
cause serious damage. : 

Moisture will sometimes condense on the surface of the 
water-cooling pipes at the points where thev enter the trans- 
former; this is caused by their temperature being lower than 
that of the surrounding air and is readily prevented by lagging 
the pipe so as to prevent its coming in contact with the air 
inside the transformer tank. 
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Frequent inspection of the water coils is necessary to make 
sure they are not collecting sediment on the inside that would 
. prevent water flow. 

Forced-oil circulation transformer cooling. This method, which 
involves the drawing off of the hot oil from the top of the trans- 
former tank and the cooling of the oil before it is returned, 
has its principal advantage in the increased rate of oil movement 
that is possible. 

It has an additional advantage in that the cold oil can be de- 
livered directly in the transformer against the copper and iron. 

It is possible with this method of cooling to increase the 
rating of the transformers from 15 to 30 per cent., depending 


upon conditions involved in individual cases. A fairly accurate 
idea can be obtained of the amount of cooling possible with 
this method if the figure 9 gallon-degree-min. per kilowatt 15 
taken. From 25 to 30 degrees of cooling is possible if suffi- 
cient radiator capacity can be obtained. There is no diffi- 
culty in getting this if the radiators are immersed in cool run- 
ning water. 

Figs. 1, 2, and 3 illustrate an installation of the above kind 
at DeCew Falls, near St. Catherines, Ontario. In this plant, 
five 2500-kw. oil-insulated transformers are each provided with 
a forced-oil cooling system. In this installation each trans- 
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former has an independent cooling system which is in no way 
connected to the others save in the source of electric supply 
of the individual motors. | | 
Rotary pumps driven by induction motors, all arranged on 
the same sub-base as shown in Fig. 1, circulate the oil at the 
rate of approximately 90 gallons per minute. The oil is drawn 
from the top of the tank by a pipe which enters the tank through 
the cover and dips down into the oil to a depth of approximatelv 
eight inches below the surface. The oil after passing through 
the pump passes to the cooling coils. Fig. 2 is a view of one 
of the coils taken as it was being lowered into position in the 
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tail-face of the plant. The oil, after passing through this coil 
where its temperature is lowered to within a few degrees of that 
of the water, is delivered directly against the bottom of the 
copper coils of the transformer. The bottom of thetransformer 
is partly closed so as to force the large part of the cold oil to pass 
upward through the transformers The rest of the. оп passes 
up around the outside of the iron and assists in carrying away 
the heat due to the iron loss. 

А check-valve 15 placed in the pipe at the inlet to provide 
against possible danger of draining all the oil in the event of 
the cooling coils being torn away by ice or drift in the tail-race. 
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The. pressure of the oil is always in excess of that of the 
water, and consequently a leak would cause a loss of oil but no 
inflow of water. А very small oil leak is readily noticeable in 
the water, so that the system seems amply safeguarded both 
as regards safety of operation of the transformers and against 
loss of oil. 

Fig. 3 shows several of the cooling coils in position. This 
view was taken at a low-water period during the time of erection. 

These cooling coils have been in service about a year and a 
half and have given very good service. No trouble has been 
experienced with leaks in the coils or with troubles from drift- 
wood or ice. No difficulty has been experienced in starting 
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the cold oil after standing idle for hours in the low temperatures 
that exist in Canada. 

It is possible to use a single pump for installations of this 
kind in place of the more expensive arrangement shown in the 
views above, provided this pump draws its hot oil from a common 
tank which fills from overflow outlets in the various transformers. 
An arrangement of this kind makes a safe operating condition 
though hardly as satisfactory as the individual pumps. 

Theie are some places, where water is not available, where 
the circulation of the oil through radiators which dissipate their 
heat to the air will be found the best available. This air cooling 
can be assisted bv fans directed against the radiators. 
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А. Н. Babcock (by letter): Some expensive experiences with 
cracked or punctured water coils in high-potential transformers 
caused me, several years ago, to discuss with the manufacturers, 
the oil circulation cooling method. At that time there had not 
been reported sufficient troubles of this kind to make the matter 
of enough importance to force the factories away from a manu- 
facturing standard method. 

In making the installation, it is suggested that in addition to 
the reversed connection of the water circulating pumps, as shown 
in the author's sketch, the condensers be placed in such position 
relative to the oil piping that with all pumps stopped, the oil 
pipes in the condensers will be under a static head. Under no 
conditions should it be possible for the water to rise into the 
oil-circulating pipes. 

To avoid condensation within the transformer case, the oil 
should not be cooled below the temperature of the air in the case. 
А pair of thermometers, one in the air of the transformer case, 
the other in the oil, provided with contacts within their bores, 
and connected bridge fashion, could be used to give an alarm 
when the temperature of the oil falls too low. Similar thermome- 
ters with a single pair of contacts have been used on the Pacific 
coast for several years, to signal excessive oil temperatures. 

It is suggested further that a system of air cooling the oil be 
developed for use in arid regions where water 1s difficult to obtain. 

Broadly considered, in my opinion the disadvantages named 
by the author are of small importance compared with the ob- 
vious advantages. | 

M. C. Canfield (by letter): It seems to me that some of the 
advantages incidental to the forced-oil circulation system have 
been overlooked in the paper under discussion. In the forced 
water circulation type, there 1s occasionally trouble from sweat- 
ing of the water pipes at the top of the transformer case, and 
many transformers are built with heat-insulating coatings on 
the upper portion of the cooling pipes where they are above the 
oil. This sweating 1s, of course, due to the great difference of 
temperature between the air in the top of the transformer case 
and the water pipes. This difficulty does not occur in the 
forced-oil circulation system. 

Any leakage which may occur in the cooling coils of a water 
circulation transformer, results in the escape of water into the 
transformer case, and consequently, into the oil. In the case 
of the forced-oil circulation it is a simple matter to keep the oil 
in the condensers (?) at a higher pressure than the water, so 
that any leakage which may occur will be a leakage of oil into 
the water, and not vice versa. Р 

Mr. Chesnev refers to the possible reduction in height of 
transformer obtained by the use of forced-oil circulation, but 
suggests that the total floor space required will be increased 
because of the space required for the cooling apparatus. 
| In the case of the transformer with forced-water circulation, 
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the transformer-case must be of a size to contain the trans- 
former, and to provide ample space around it for the circula- 
tion of the cooling oil. This space must be large, to provide 
for the descending currents of cooled oil, and as the pressures 
acting to produce such currents are very small, being due to 
differences in specific gravity of the oil only, the currents are 
slow and require much space. 

In the case of the forced-oil circulation the situation is com- 
pletely altered, as it is only necessary to provide for the flow 
of oil in one direction within the transformer, the flow in the 
opposite direction taking place through the piping of the cooling 
system. It is desirable to make the transformer case fit quite 
closely around the transformer, in order to throw the oil current 
against the transformer as much as possible. It would there- 
fore seem possible materially to reduce the floor space occupied 
bv a transformer equipped for forced oil-circulation. This re- 
duction of floor space should materially offset the space occu- 
pied by the auxiliary cooling apparatus, especially with large 
installations. 

G. Percy Cole (by letter): Occasions may arise in very large 
installations where it would certainly be good engineering to 
adopt transformers cooled by forced-oil circulation, but taking 
everything into consideration, these instances are exceedingly 
rare, and it will usually be found that the water-cooled type 
will fulfil the requirements satisfactorily in spite of its slightly 
increased size. 

The water-cooled type appeals more favorably to engineers 
for the following reasons: 

1. Because it has passed the penen stage, and proved 
its reliability—even in the very largest units at present installed. 

2. The simplicity of the cooling system. The majority of 
power houses, where very large units are installed, are hydro- 
electric, and in such cases the water required for cooling costs 
next to nothing; the piping being reduced to a minimum, since 
a gravity system will replace pumps in a great many cases. 

3. Less liability for the oil to take up moisture. We hear of 
extremely rew instances where trouble has resulted from cooling 
coils leaking. The adoption of cooling coils of seamless copper 
tubing, and the great care bestowed by manufacturers in building 
and installing this tubing have resulted in almost absolute 
freedom from the trouble of water getting into the oil from the 
cooling system. 

With the adoption of very large units and high voltages 
(60,000 to 80,000 volts) it is absolutely necessary that the oil 
surrounding the coils be kept free from moisture. Where oil 
has to be circulated through the transformer, out through piping, 
through large cooling systems and pumps external to the trans- 
former, there is much greater danger of getting water into the 
oil than with water-cooled transformers. Even if a gravity 
water-cooled system cannot be employed, and pumps have to be 
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used, water circulation shows up more favorablv even if only 
taking into account the amount of liquid circulated; for since 
oil has a specific heat of approximately half that of water, it is 
quite evident that at least twice the number of gallons per minute 
for the same cooling effect would have to be circulated if oil cir- 
culation were adopted than if water-cooled had been used instead. 

D. L. Huntington (by letter): The advantages which forced 
oil would have over forced water appear to me as follows: 

1. The movement of the oil, being guided specially to those 
porticns of the windings or core which most need cooling, should 
be much more effective than with forced water, and for this 
reason higher efficiencies and longer life should be had for a given 
combination of copper and iron; or the equivalent of a larger 
output with the same efficiency and life. 

2. In large or comparatively large installations there would 
probably be a saving in first cost; but on small installations this 
is very doubtful. 

3. Where clean water is not obtainable for forced water 
transformer coils the gradual clogging up of the coils 1s inevitable, 
and I know of no eflective means of cleaning them thoroughly. 
Under such conditions the forced oil method becomes almost 
necessarv where the installation is to consist of large units 
otherwise the use of smaller units of the self-cooled type would 
be the onlv practical resource, and that a very expensive one. 
not only in the transformers, but in the buildings and wiring. 

4. Incase the forced water type of cooling coils are used which 
enter and leave the top of the transformer, there is danger of 
freezing it the transformer is temporarily out of use, and the 
only practical plan which we have been able to find is to blow 
the coils out with compressed air. The forced oil system would 
be easy to drain of water on such occasions. This advantage 
would not applv to those forced water transformers with bottom 
inlet and outlets, upon which I have for some time insisted, 
and which are of course readily drained. 
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1. For the forced-oil svstem some measure of attendance, 
comparatively regular and frequent, would be absolutely neces- 
sary. This would mean a greatly added expense in many plants, 
such as our'stor instance, where we have numerous sub-stations 
of from 150 to 1500 kw. capacity in a mining country, where the 
only attendance now required is for a few minutes once a day. 

2. With forced-water transformers it is usually possible to 
obtain water of steady flow and under the required pressure at 
small expense, and the cooling is therefore verv simple, and con- 
sequently, very reliable. The forced-oil system is much more 
complicated and cumbersome and much more likely to get out of 
order, and to assure reliability equal to the forced-water system, 
a considerable part of the circulating apparatus should be in 
duplicate. 
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3. My experience is that 1n case of a burn-out in a high-tension 
transformer the oil usually becomes so carbonized as to be unfit 
to use again until it has been carefully filtered. In such a plan 
as that shown in Mr. Chesney's paper, the pumps would im- 
mediately distribute this carbonized oil to all the uninjured 
transformers, a really serious matter. А similar effect would 
be had if a water leak developed. Asan insulator, all the oil 
would, to some extent, deteriorate, and would all have to be 
dried. With the other system the oil of one transformer only 
would probably have to be treated. 

4. To remove these objections to some extent forced-oil 
coolers could be installed for groups of transformers. This only 
lessens the objection, however, and adds materially to first cost 
and operating cost. 

5. Furthermore, if any moisture 1s carried into the oil in the 
forced oil plan, the oil carries it to the plates in the transformer 
where it will be most likely to do harm, whereas moisture may 
accumulate in appreciable quantity in the bottom of a forced 
water transformer without doing damage. 

Generally speaking, unless the objections regarding spreading 
of damaged oil through the undamaged transformers can be 
overcome in some simpler manner than by having a separate 
cooling plant for each unit, I think the advantages of the forced ' 
oil system are distinctly over-shadowed by its disadvantages. 
Perhaps some ingenious and simple method may be devised to 
shut off the oil circulation automatically from a damaged trans- 
former. Then, in that case, there are many installations where 
the size is of some moment, in which the forced oil cooling will 
be distinctly the best to adopt. 

W. F. Lamme (by letter): There are certain cases in which it 
is better to cool the oil in the transformer through circulating 
oil through cooling coils in water than by circulating water 
through cooling coils in oil. Ina water power plant an abundance 
of cool water is always at hand for cooling purposes, and there 
seems no good reason why these cooling facilities should not be 
taken full advantage of. If ample cooling coils are placed in 
this water, and oil from the transformers is circulated through 
coils in this water, the cooling effect 15 better than if this water 
is passed through cooling coils in the transformers. Besides, 
the type of pipes through which the oil is circulated can be made 
and installed by any good pipe fitter and can be made as extensive 
as the operation may demand, whereas, in the case of the 
ordinary internal coils these coils are made by the manufacturers 
to suit the case and core of the transformer and are difficult to 
increase or modify. 

In the case of oil circulation the pressure is applied to the oil 
and not to the water. This lessens the liability of water getting 
into the oil due to this cooling apparatus. We know that many 
cases of accident have been due to leaky coils in the case of water 
cooled transformers. 
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Since external circulation permits larger cooling facilities of 
course oil circulation can be made to give much more reserve 
where the same core and case are used. "This 1s а very im- 
portant matter in plants having a high peak load. 

In warm, dry climates, such as the San Joaquin and Sacra- 
mento valleys of California during the dry season of mid-summer, 
it has been demonstrated that external circulation of oil cooled 
by water dripping over the cooling pipes in the open air has a 
very marked advantage over water circulation through internal 
cooling coils. We have no definite figures on hand showing 
these advantages, but a simple observation makes it evident 
that the advantage exists. 

Wm. McClellan (bv letter): In discussing this question it must 
be assumed that all mechanical features would be worked out so as 
to be thoroughly reliable. The expense of either svstem will 
vary according to the details and size of the installation, and in 
cases where there 15 a large number of transformers a considerable 
difference in the cost of the two systems might be found. 

From his present point of view, the writer would be rather 
disinclined to favor the adoption of a forced-oil system. Such 
a system does certainly increase the risk of getting small amounts 
of moisture in the oil, and it 1s well known from recent experi- 
ments how much damage a very small amount of moisture can 
do in transformer oil. 

In the forced-water type it is possible to keep all joints, except 
those which are brazed, entirely outside of the transformer case 
so that there is no risk from water except in case of a serious 
accident. The circulation of oil in the forced-water transformer 15 
very uniform and takes place very quietly. The result is that 
moisture which accumulates gradually is very likely to be found 
at the bottom of the transformer and is undisturbed by the oil 
circulation; this would probably not accumulate to as great a de- 
gree in the forced-oil transformer. 

One point in favor of the forced-oil transformer is the ease 
with which it permits of oil treatment. It looks very much as 
voltages increase as 1f we might come to the time when regular 
treatment of transformer oil would be imperative. In case of 
the forced-water transformer, this means, removing it from the 
line, taking out the transformer oil, giving it some sort of a 
drying and purifving treatment, and then returning it to the 
transformer. With the forced-oil circulation it would be entirely 
unnecessary to take the transformer off the bus bars since the oil 
could be treated at some point in the circulating svstem without 
affecting the operation of the station. 

This will be all the more important should we ever arrive at 
the sub-station with all the transformers out of doors. As it 15, 
with high tension transformers inside of buildings, there 15 some 
risk in removing oil from the transformers and allowing them to 
stand even for a few hours without oil if the cover must be 
taken off for any reason. It is very remarkable how quickly 
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the insulation resistance of high tension transformers will change 
gradually under these conditions. 

А. L. Mudge (by letter): The extent to which forced-oil cir- 
culation for transformers comes into use will depend largely on 
the manufacturing companies. If they can quote materially 
lower prices per kilowatt, while making the same guarantees, it 
looks as if forced-oil circulation would almost entirely displace 
forced-water circulation for large installations. If there is 
little or no reduction in price, the water circulation type has the 
advantage on account of greater simplicity of piping and con- 
nections, as no condensers, etc., will be needed. There will be 
less oil in the power house, and therefore, less fire-risk. In case 
of fire, if the oil has to be quickly drawn off from one trans- 
former, it 1s necessary to open only one valve on a transformer 
using the water circulation system, while in the oil circulation 
system at least three valves have to be operated. 

However, a material reduction in first cost in the case of large 
installations would probably offset the slightly greater com- 
plexity of the oil circulation system. In most plants the oil 
reservoir could be located above the level of the transformers, 
thus doing away with one of the oil pumps. 

Calvert Townley (by letter): To dissipate a given amount of 
heat requires a given quantity of water at a given temperature- 
difference from that of the part to be cooled. The nearer the 
point at which this water can be applied to the heated material 
the more cthicient it will be as a cooling agent. Therefore, where 
water 15 expensive or limited in supply the method of cooling 
by circulating it in pipes within the transformer case uses the 
water in its most efficient mannerand has a material advantage, 
However, where water is plentiful and inexpensive the method 
of forced oil circulation permits the use of larger quantities of 
water, producing a much greater cooling effect. 

The first instance where oil was circulated for the purpose of 
cooling transformers, and with which I am personally familiar 
occurred in the Farmington River Power Company's station, 
near Hartford, Connecticut, in 1896. A number of step-up 
transformers of 150 to 200 kw. capacity each, self-cooling, were 
found to be heating abnormally. As a remedy the transformer 
cases were tapped and a 60-ft. pipe connected thereto, which 
pipe, wound in coil, was immersed in the tail race. A small 
circulating pump, belted from a convenient shaft forced the oil 
through this pipe, and the result, at a negligible expense and no 
inconvenience, was an immediate reduction of temperature, so 
that the transformers worked well inside the normal margin of 
safety. 

It will be noted that for water power installations the oil cir- 
culating plan becomes extremely simple and very inexpensive, 
as, where the tail race or other stream is available, no power 
house floor space 1s needed for the cooling equipment. 

There is a further advantage, that, whereas in transformers 
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cooled by water forced through a pipe inside the transformer 
cases any leak in such pipe permits the escape of water into the 
transformer oil, thereby endangering the life of the transformer 
itself, with the forced circulation of oil such leak only lets oil 
escape into the surrounding water, and the transformer itself ‘s 
in no danger of injury. 
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DiscussioN ON ENCLOSED “STATION WIRING,” AT CHICAGO, 
ILL., May 24, 1907. 


(Subject to final revision jor the Transactions) 


C. W. Stone: I notice that Mr. Blackwell speaks of the con- 
nections being simple. I think this is a very serious matter 
and one that is not given the consideration it warrants. We 
try to make a system flexible by putting in all sorts of tie con- 
nections; then in order to save space and save cost we put in 
knife-switches. By putting in the knife-switches we court 
just what we are trying to avoid. The knife-switch may be 
opened by mistake. If it is opened under load by mistake 
there is a big arc, which may be whipped across and involve 
all the adjacent apparatus. Therefore, if possible, I think we 
should always try to keep each individual circuit entirely dis- 
tinct, with no tie, and if ties are used we should use enclosed 
switches; that is, all switches in the form of knife-switches 
must be put in between barriers in order to confine the arc. 

From Mr. Blackwell’s paper it is quite evident the arc cannot 
be confined, if an arc at low voltage will jump forty feet. He 
also speaks of putting in barriers between the conductors. 
This is a very serious point with high-tension apparatus. If 
barriers are put between them jumping distances are shortened 
and therefore the barriers must be put farther apart. This 
makes it almost prohibitive to install bus-bars in a bus-bar 
compartment, because the bus-bar compartment becomes as 
large as the station in order to allow safe jumping distances. 

Опе other thing in connection with the keeping apart of the 
high-tension conductors, and that is the point where they are 
brought together in order to put in potential transformers. 
Potential transformers are connected across between phases, 
therefore resulting in a tie directly across between phases 
through a small device. This small device must be isolated 
and separated in such a way that if an arc forms or an arc 
jumps across the te1minals it will not communicate between the 
phase wires. This means that each lead has to go through 
some brick barrier or soapstone barrier or through an insulator, 
which is bad at verv high potentials. Then the current trans- 
former is also used, a very serious thing with high potentials. 
It therefore would seem good practice to eliminate all sec- 
ondary devices whatever from the high-potential side, installing 
all instruments on the low-potential side, running directly from 
the transformer, sav, or the switch to the line, with nothing 
whatever connected to it. 

L. C. Marburg: What Mr. Stone has said regarding simplicity 
of wiring connections cannot be endorsed too strongly. There 
is a tendency towards introducing flexibility to such an extent 
that the complications necessary to obtain it form a weaker 
point in the system than the original arrangement, the failure 
of which it is intended to take care of. In other words, while 
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providing for an emergency occurring, say once in three years, 
we may be introducing the danger of a breakdown once a month. 

With regard to enclosed wiring for 60,000 volts, Mr. Stone's 
remarks also appeal to me. Compartments for such high volt- 
ages become too large to be practicable, and it would seem that 
open work if propeily designed, for example the type of in- 
stallation adopted at the Ontario Power Company's plant at 
Niagara Falls, offers as much reliabihty as can be obtained. 
If wires are separated a sufficient distance so that an arc cannot 
hold the installation is about as safe as it can be made. For 
voltages not higher than 30,000, bus-bar compartments and 
barriers between compartments and oil-switches have become 
the standard practice, at least as far as generating stations are 
concerned, but it would seem as if in many cases, wires were 
enclosed more than advisable. What is wanted are brick or 
concrete barriers between all bus-bars and between all switch 
connections, and as little brick or concrete work as possible 
should be introduced outside of this, so as to leave all wires 
and insulators visible and easily reached. For example, a 
bus-bar compartment may consist of one main vertical wall 
in the rear and a number of horizontal concrete slabs supported 
in front by means of small concrete columns. "The bus-bars 
are placed in the horizontal compartments formed bv these 
slabs, and switch connections are carried through the rear wall 
to switches located above or below these compartments, bar- 
riers being placed between the individual leads. This arrange- 
ment leaves all wires and insulators visible throughout, and 
seems superior to closed conipartments and closed vertical 
rsers between compartments and switches, as anv leakage 
wil be readily detected and as all insulators can easily be 
cleaned. 

Instrument transformers on the high-tension side are of 
course undesirable, but if the station contains a high-tension 
bus-bar with several independent outgoing lines needing pro- 
tection, they cannot be done away with entirelv. 

P. M. Lincoln: Mi. Blackwell summarizes his paper thus: 

1. The system of connection should be as simple as will give 
the necessary control over the station ". I think that all elec- 
trical engineers will agree with him there. 

2. “ The conductors should follow the shortest and most 
direct line from generator to transmission пе”, That, again, 
I think is a point where unanimous decision will be made. 

Concerning the third, the vote will be by no means unanimous. 

3. " Each conductor should be surrounded and separated 
from every other by a continuous fire-proof barrier ”. 

I think the vote of the large majority would be “ no " rather 
than “ ves " to that, for the reason that the principal advan- 
tage of enclosing bus-bars, wires. etc., is to prevent a destruc- 
tive arc from forming between those bus-bars, ete. Now the 
higher the voltage of a station, the less destructive become 
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the arcs. With 2000 volts I presume there is about the max- 
imum destruction that can possibly be got; at least I have had 
occasion to believe that from seeing what a 2000-volt arc will 
do with a very large amount of power behind it. I believe 
thoroughly, judging from my own experience, that 2000-volt 
bus-bars for any very large amount of power should be en- 
. closed, by all means; but for the same amount of power at 
60,000 volts or at 40,000 volts I do not believe the same thing 
holds. The destructiveness of an arc is in proportion to the 
volume of current and goes up with some power of that volume 
which I do not know—the square, at least, probably much 
higher—and, as I said before, the higher the voltage the less 
the amount of current available for producing destruction. 
That is one very good reason for omitting these fire-proof 
barriers at some point as the voltage of an installation goes up. 

Another obvious and very good reason for omitting those bar- 
riers is the difficulty of obtaining insulation as the voltage goes 
up. Any material available for barriers must be considered 
as dead ground on these high. voltages. 

For these two reasons, therefore, I believe that there will be 
by no means unanimous assent to this statement in Mr. Black- 
well's paper. 

4. “ The circuits should be as far apart as possible ’’. 

This will be assented to, I believe, by the majority of engi- 
neers. This statement is in contradiction to a certain extent 
to his third, because introducing fire-proof barriers practically 
means separating the wires double the distance that would be 
necessary without the use of fire-proof barriers. There is no 
fire-proof material that can be treated as an insulator at 60,000 
volts and above; that 1s, no fire-proof material that is aváilable 
for use as barriers that can be treated as an insulator at 60,000 
volts and above. 

E. N. Lake: I might give an example of how this problem 
was worked out in a small synchronous converter sub-station 
designed for operation at a potential of 25,000 volts. I shall 
endeavor to show by a sketch the arrangement of the circuits 
and apparatus. 

The transmission line wires were carried from the pole line 
to a cross-arm built into the parapet of the sub-station, thus 
making a design which was distinctly a part of the building 
structure. From this point the line wires went directly into the 
lightning-arrester tower. This tower was divided by a concrete 
floor into two stories, as shown. The back portion of the 
tower was further divided by vertical barriers running from 
the floor line of the lower story to the roof of the second story. 
These barriers were of brick four inches in thickness, built into 
both floors and the roof, thus giving the barriers a rigid lateral 
support. In the upper part of the structure the lightning- 
arresters were installed. Below the lightning-arresters the 
current transformers were located. Below the second floor the 
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bus-bar chambers were located, which, instead of being ar- 
ranged open on top were with closed top of concrete construc- 
tion open below. In the lower story, or switch room were 
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located the oil-switches. Тһе barriers which extended from 
floor to roof formed the barriers between the oil-switch compart- 


ments. 
The transmission line was so situated that it was convenient 
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to bring the wires in directly to a lightning arrester tower lo- 
cated at the back of the station. The switch on one side con- 
trolled an incoming or outgoing line and the switch on the op- 
posite side operated as an individual rotary switch. At the 
division wall between the switch room and the rotary room 
there was an arched opening in the wall for the location of the 
potential transformers. This construction in general accom- 
plished the end which Mr. Blackwell has brought out in his 
paper,:viz.: that throughout the sub-station from the point 
where the high-tension wires enter the disconnecting-switches 
on the lightning-arresters to the point where they entered the 
top of the step-down transformers every foot of that distance 
the phase wires were separated by fire-proof barriers. 

L. C. Marburg: When sub-stations are taken into considera- 
tion, the main arguments advanced in favor of enclosing leads 
in compartments do not hold. If twentv or thirty miles of 
transmission lines are introduced, the individual wires of which 
cannot be separated by barriers, there seems little use in sep- 
arating these wires so carefully in a sub-station at the end of 
the line. If the building is fire-proof, a momentary arc that 
cannot hold cannot be considered very dangerous, particularly 
in view of the large resistance introduced by the transmission 
line between the generating station and the short-circuit. Com- 
partment work in every 200- or 300-kw. synchronous converter 
station would involve considerable expense. 

J. D. Jamieson: It has been my fortune to see some of the 
extremes in high-tension work, as represented in one case of 
barriers carried to an excessive degree of refinement, and in 
another case where the potential was within 10,000 volts of 
the first absolutely no attempt at providing barriers between 
the conductors. The second case I cite bears out the remarks 
just made about the inadvisability of providing barriers for 
extremely high potential. This course might be advisable 
from the standpoint of normal operation, or might take care 
of any possible rises in potential which might be occasioned, 
but there is another phase of the matter with which a large 
central station has to deal; that is, accidental contact. With a 
60,000- or 50,000-volt system of a capacity of perhaps 60,000 
kw. and a reasonable number of distributing circuits, every 
precaution has to be taken against accidental contact, and I 
think if a large station were put up in the fashion mentioned, 
without barriers, that we would find with a working construction 
force of 50 to 100 men there would be quite a lot of trouble 
due to the absence of barriers. 

With regard to the addition of knife-switches to the system, 
it has always been the endeavor of the company with which I 
am connected to do away with the knife-switches to the extent 
of putting disconnecting points in a circuit in enclosed par- 
titions; that 15, disconnecting-switches which are necessary in 
series with oil-switches, are put in the same compartment. 
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On the higher potentials it is not possible to get oil-switches 
which are equipped with disconnecting appliances. Therefore 
we are forced to install knife-switches outside the oil-switch, 
which call for additional barriers. In some cases we go further 
than to provide barriers, we provide the barriers and then 
insulate the conductors inside the barriers. This practice has 
been pronounced superfluous by some, but we have had instances 
of the worth of such construction. "There have been cases where 
an enormous flow of current, due to the accidental interruption 
of the circuit, had caused the conductors inside the barriers 
to be dislodged, and to rest upon the concrete shelves. In that 
case we found that the addition of insulation to the conductors 
prevented a very serious disaster. I think that barriers should 
be used in all cases, and further, that although there is no 
fire-proof material that is an absolute insulator, the effect of 
the short-circuit is greatly decreased even though the arc 
holds between the conductor and the barrier. 

Fay Woodmansee: We all agree, I think, that the station 
wiring must be as simple as possible, and then after that the 
question of separating depends entirety, I believe, upon the 
voltage, the capacitv, and also as to whether the station is a 
generating station or whether it is a sub-station located at the 
end of a line. In a sub-station located at the end of a line, I 
think the same as Mr. Marburg does; after a number of miles of 
line that has been unprotected, why in the station separate 
the wires from each other by barriers? In the station there 
is less liability for anything to get across the wires, because the 
wires are placed close to the ceiling. There it is almost possible 
for anv material to get over them to cause a short-circuit and 
shutdown. Consequently the additional expense is not war- 
ranted, I believe, in barriers between poles of lightning-arresters, 
or anything which may cause an arc in its operation. But in 
the power house proper, where the question of keeping the po- 
tential on the bus-bars is very important and there are a number 
of men working in the station, I believe that the bus-bars should 
be separated from each other by some fire-proof barrier, as much 
to protect the life of the people who may be working in the 
building as to make the service safe. I think in a good many 
cases our stations are made much more complicated than they 
should be. 

Thé question of running leads from bus-bars I think is а very 
important point to consider. It is oftentimes easier to insulate 
the bus-bars and run them lengthwise of Ше station and thus 
cut down to a minimum the number of feet of cable required. 
These cables can be run and protected in such a way that it is 
practically impossible to cause trouble. 

P. M. Lincoln: I am thoroughly in accord with what Mr. 
Woodmansee has said with regard to the protection of life in 
the station. I think that 1s absolutely the first requisite that 
should be taken into consideration. in making a switching 
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layout. However, I do not believe that that element compels 
us to enclose each bus-bar or each wire in a fire-proof barrier. 
In fact, my own opinion 1s that the modern tendency 1s rather 
toward doing away with all buildings than putting buildings 
around every individual wire and piece of apparatus in a sta- 
tion. I think the time is coming when the bus-bars, trans- 
formers, switches, and practically everything else of that kind 
will be put out in the weather, and a building put around only 
the apparatus that it 1s absolutely necessarv to cover, such as 
instruments and things of that character. 

E. N. Lake: I cannot quite bring myself to agree with Mr. 
Woodmansee or with Mr. Linclon in regard to justifying the 
additional expense of barriers. In a given case, where barriers 
were used in a fire-proof sub-station constructed of brick con- 
crete, and steel, the additional cost for the introduction of the 
barriers was probably twenty-five or mav be fifty cents per 
kilowatt. It seems to me that such additional expense is fully 
justified in the matter of safeguarding life. I think that the 
protection of life 15 one of the most important things that we 
have to consider, it is in fact the most important thing to con- 
sider in designing stations for higher potentials. 

P. B. Woodworth: Will Mr. Lincoln please explain how he 
is going to safeguard life when he has his wires out in the open 
with no house around them at all. 

P. M. Lincoln: The space up in the air is very easy to obtain. 
All there is to be done is to put the station out of reach. An 
ordinary transmission line is not considered dangerous; it is out of 
reach. Exactly the same thing can be done with a sub-station. 
It seems to me that if it is logical to put fire-proof barriers 
around the individual wires in a sub-station, it is just aslogical 
to run those fire-proof barriers clear back to the generating 
station. That reduces the fire-proof barrier proposition to an 
absurdity. 

E. N. Lake: If I were going to carry the transmission line 
wires from the sub-station back to the generating station in 
such a location that it was possible for the men in their daily 
work to come in contact with them, I would: most certainly 
put the barriers all the way from the sub-station to the power 
house. 

W. B. Jackson: Doesn't that reach the actual kernel of the 
matter? Namely, where it is possible for the wires to be touched 
by the employees in the regular performance of their duties, 
the wires must be protected bv the fire-proof compartments 
or by separating walls of some kind, but as soon as the wires 
are carried out of that zone then let them be free. That is 
getting to be common practice, especially so in plants on the 
Pacific coast, and it seems to be the logical wav to arrange 
high-tension wiring. 

P. M. Lincoln: I think there is no disagreement on that point, 
that the most essential thing in putting in a sub-station must 
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be to protect hfe, but I do not agree that putting fire-proof 
barriers around the wires 1s the only way to do that. Keep 
them up out of the way, where they can not be touched by the 
man in the regular discharge of his duties. That 1s one wav. 
There are other ways, such as putting ground wires under them 
or around them, as Mr. Stone has suggested. I think, however, 
on the essentials there has been no disagreement, no very 
material difference of opinion among us. 

Dugald C. Jackson: Your suggestion that the future sub- 
station. will be out in the air reminds me of the stations ot 
certain of the Western plants. They have step-down sub-sta- 
tions, not converter sub-stations which require attendance, 
but step-down sub-stations, where the building consists prac- 
tically of a light wooden framework with corrugated iron over 
it, and the line that passes over it drops down through the root 
through suitable terminals, and the wiring is run to the trans- 
formers through ordinary fibre conduit, using the usual linen 
covered wire. That makes a sub-station that approaches the 
limit of simplicity. It is almost the equivalent of having the 
whole thing out of doors as perhaps it is even cheaper than 
to erect the structure on an elevated platform, and it also 
does this, which I think perhaps is likely to militate against Mr. 
Lincoln’s proposal to put evervthing outdoors; it protects the 
transformer terminals and such switching terminals as are needed 
from the beating of the weather,—-the sleet and rain and that 
kind of thing that one 1s bound to meet and which these ter- 
nunals practically need to be protected from. 

Edwin W. Olds: When vou call upon me to speak upon the 
subjects that have been so interesting to-dav, vou are calling 
upon one who, while old in vears, and in name, is very young 
in that part of the business. We are just putting in our first 
single-phase alternating current-direct current car equipments. 
Electrical engineering 1s somewhat out of my line, but is verv 
interesting, and some of the points that have come up have ap- 
pealed to me in a practical wav. I am not a technical man in 
any sense of the word. What little knowledge I have has been 
pounded into me in the good old wav. 

You were speaking some time ago in the discussion regarding 
grounded conductors and the difterent burn-outs. I have no- 
ticed in our direct-current operation in. Milwaukee that in cer- 
tain sections of the city where there are a great many telephone 
and other wires it is very seldom that any of our cars are struck 
by lightning; but in other sections where the telephone and 
electric light wires are not so plentiful, there is trouble with 
ourcars From my standpoint, this is quite conclusive evidence 
that a grounded conductor 15 of a greac deal of importance, 
for if it will protect our direct current feeders and trolley lines, 
why should it not protect the higher potential wires that are 
so much more apt to be disturbed by the lightning. 

Bertrand P. Rowe (bv letter): In following the development 
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of systems of station wiring in connection with switchboard 
installations, we begin with the single generator and the primitive 
system of open wiring carried on porcelain knobs, which was 
undoubtedly borrowed from the earlier experience of the tele- 
graph companies, As the fire hazard from poor electrical wiring 
became more universally recognized, insurance companies from 
time to time insisted on better spacings, better insulation, and 
absence of combustible material. The sizes of generating plants 
have increased, and the amounts of power that have been con- 
centrated on single sets of conductors or bus-bars have reached 
such proportions that the old-time methods would not suffice 
for their installation. With this new set of conditions, the 
underwriters have not meddled. They have found that the 
owners of generating stations are building fire-proof plants with 
(concrete floors, and structural iron and masonry walls, and they 
have no regulations to offer regarding the installation of these 
heavy capacities beyond what are already in vogue for those of 
lighter capacity. Their fire-risks in such plants are small, and 
they are interested more in applying their rules to the wiring of 
factories and dwellings where there 1s a fire-risk. 

The designers of electrical power stations, however, have 
found that with increased capacities at higher voltages there 
exists the danger of serious damages and shutdowns, due to 
arcs starting between conductors, being fed from conducting 
gases from vaporized copper with the power of large generating 
units concentrated behind them. 

With low-tension systems, from 125 to 250 volts, this danger 
did not exist, even with thousands of amperes in bus-bar capa- 
city, fed from storage-batteries, because the voltage was too 
low to maintain anything but a short arc. Difficulties of this 
sort have been noticeable in plants of from 2000 volts and up- 
wards, principally because 2200 volts 1s the lowest high-tension 
voltage at which large amounts of power are concentrated. 

In order to prevent arcs between conductors in smaller in- 
stallations, the conductors were insulated. The practice in 
these larger installations is to use bare copper bus-bars, and 
insulate them by air-spaces, inclosed in fire-proof cells. АП 
cable connections are likewise carried in cells,.as well as all 
apparatus liable to cause an arc. | 

The practice of isolating the conductors has been followed 
in all modern heavy capacity plants up to and including 15,000 
volts. The reason for the practice will be well exemplified if 
one starts out to design open-link fuse-blocks. It will be seen 
that a fuse for 250-volt service may be constructed very easily 
which will carry normally 2000 or 3000 amperes, and rupture 
the circuit on an overload of 2595 without ditficulty. 

Now if one starts to design 500-volt fuses, he will find that a 
fuse to blow at 1200 amperes 15 a pretty difficult problem, and 
with plenty of power behind it, the fuse-block will be hard to 
construct which will not be destroyed by the arc. The ruptur- 
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ing of the established arc will be quite a dithcult thing without 
careful study and design. 

Now if one goes a step further and tries to design a 2200-volt 
fuse-block one will get into difficulty when the capacity gets 
above 300 or 400amperes. And likewise one will find it difficult 
to design a successful 3300-volt fuse-block for a быш circuit 
than 200 amperes. 

It follows, then, very readily that as the voltage rises, heavy 
capacity currents become more difficult to break; they maintain 
themselves vigorously, destroying all material which may inter- 
vene. The tendencv, therefore, in all modern installations, 1s 
to suppress all high-voltage arcs by eliminating as much as 
possible the air-break switching devices, and by using oil- 
switches, and placing barriers between conductors. 

What the station engineer is doing for his own protection, is 
heartily seconded bv the Board of Fire Underwriters, who are 
leaving the problem alone because not so v itally interested. And 
the problem is undoubtedly being handled generally in a much 
more satisfactory way than they themselves would feel free to 
demand. 

Some time ago, the underwriters inspected the plant of the 
Ontario Power Company at Niagara Falls, which has all of the 
conductors and switching devices in fireproof cells. The writer 
was much impressed by being told by these inspectors that they 
had only one recommendation to make regarding that entire 
installation, which was that a fire hydrant be placed at each 
corner of the building. They stated that the modern construc- 
tion was ahead of anvthing they had seen at that time in the 
way of fire-proofing. 

In the selection of barriers, the engineer is limited at present 
because the ideal commercial barrier does not exist. The 
common practice 1s to separate all conductors from each other 
and from grounds, using such distances that concrete or brick 
barriers пау be used with safetv. At high voltages, these 
substances must be considered as grounds, since they absorb 
moisture, and this makes necessary much wider spacings than 
if the barners were of insulating material. Soapstone, while a 
little better than these, is still an absorbent material, unless 
impregnated. Porcelain 1s too dear, and glass will not stand an 
arc. Asbestos lumber and transite make admirable fire-proof 
barriers but are poor insulators. 

Probably the nearest perfect barrier would be an impregnated 
material like soapstone, and this is of course expensive. No 
cheap insulating barrier being known, the common practice is to 
support all conductors on suitable insulators and rely on the 
grounded barriers for fire-proofing. The best practice assumes 
that all insulated cables are subject to deterioration, and unless 
they are protected by lead coverings with suitable end-bells, 
they are invariably as well supported on insulators as a bare 
cable should be. This insures permanency, 
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For installations of voltages above 15,000, the cellular con- 
struction is not so prevalent. But the subject for high-tension 
wiring for these voltages deserves great attention, because, as 
stated by .Mr. Blackwell, this part of the installation usually 
gets scant attention when the building is designed. The very 
best modern practice is to lay out this system of wiring in ad- 
vance and design the building to suit. 

The writer does not agree with Mr. Blackwell that the use of 
barriers and fire-proofing for very high tension wiring is at 
present more important than for those whose potential is from 
2000 to 15,000 volts, for the reason that at the very high voltages 
now employed the sizes of conductors are very small. They 
will usually burn away instead of maintaining a fierce arc, such 
as might be expected if heavy masses of copper are short-cir- 
cuited. The practice of most station designers seems to sustain 
this view of the case. 

One of the reasons why the use of barriers and cells for con- 
ductors has not been more extensively carried to higher voltages 
is because the generating voltages now deemed practical are all 
below 16,000 volts. Whenever the manufacturers are ready to 
put commercial generators on the market to generate current 
at 20,000 volts, this construction will be seen adopted universally 
for that voltage where heavy capacities are used. There are 
even now some cases where large quantities of power are to be 
distributed at 33,000 and 45,000 volts, and the cellular construc- 
tion is advisable because of the heavy capacities that are carried 
on the bus-bars. | 

In the writer's opinion the use of the barriers and cells, such 
as are common with the lower voltages, are an unnecessary re- 
finement in a majority of cases. Іп almost every plant operating 
at pressures of 45,000 volts and upward, the potential of the 
transmission system is raised to such a value that, with a given 
line-loss, the size of conductor can be made as small as mechanical 
considerations will warrant, to save expense in the transmission 
line. So long as this practice obtains, and unless large amounts 
of power are concentrated on high-tension bus-bars by banking 
the step-up transformers, there will seldom be large masses of 
copper in the high-tension system to maintain an arc. In fact 
the condition where heavy conductors may be required on the 
high-tension system of 45,000 volts or more, can be, and usually 
is avoided, by feeding separate banks of transformers into their 
own transmission lines, with a relay bus-bar of small capacity 
to enable circuits to be transferred from one bank of transformers 
to another in case of trouble. 

In a modern power station, using oil circuit-breakers, if the 
idea of barriers between all high-tension conductors, irrespective 
of capacity, were logically carried out, it would be more necessary 
to require these barriers between the wires on the transmission 
line where the conditions of atmosphere and moisture are more 
conductive to short-circuits, than to require them in a properly 
wired power station where they are enclosed and dry, and as well 
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separated as they are on the poles. Where air-break switching 
devices are used, however, fire-proof barriers are certainly 
necessary if there are conductors near enough to the arc to cause 
any apprehension. 

Another argument against the use of barriers between very 
high tension conductors in power stations is the increased size 
of station often required if the idea 1s carried out properly, owing 
to our inability to obtain a satisfactory insulating barrier. As 
stated previously, all known barriers, except those of glass or 
porcelain must be considered as grounds for high-voltage circuits, 
and glass and porcelain barriers are not practicable because of 
brittleness and expense. Therefore, we are forced to use 
grounded barriers, and the introduction of these barriers between 
the high-tension conductors in a station compels us to space our 
conductors much farther apart than they are for the transmission 
line, to provide sufficient insulation distance. It will be found 
that to install these barriers properly, a larger amount of room 
and expensive construction will be required that is usually un- 
warranted. 

The most practical way to handle the problem is to confine 
all apparatus which 1s hable to arc, and separate the conductors 
by suitable air-spaces, using insulated conductors for the sake 
of safety. A time may come when reliable insulating material 
may be obtained in the form of fire-proof tubes through which 
these conductors may be carried, and which will be sufficient 
insulation to allow closer spacing of conductors. In such a case 
the saving in space in a power station will be justification for 
using them. 

The writer believes thoroughly in providing an insulating 
covering for all high-tension conductors carried in air in the 
interior of a power station as a safeguard against accidents due 
to accidental contacts. While it is preposterous to think that 
cables carrying 60,000 to 88,000 volts mav be insulated for safe 
handling, yet the writer believes that they should be as well 
insulated as possible to prevent workmen from getting killed 
by contact through poles or other implements. 

In addition to this the wires should be marked with danger 
signals and warnings to remind the unwary. These precautions 
may save loss of hfe and bills of damages which are usually 
awarded against power companies who are found guilty of 
carrying their deadly current on bare conductors where work- 
men may be near enough to get shocked. 

It may be possible to insulate the conductors with some of 
the special tubing now on the market, with some form 
of impregnated oiled muslin next to the cable so that there is 
scarcely any danger to the cables, by preventing possible arcs. 
The writer believes that the best and most conservative practice 
in most cases will be to try to provide such arc insulation as this, 
and then support the entire insulated cable on insulators with 
good free air spacings between all adjacent conductors and to 
ground. 
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Stephen Q. Hayes (by letter): The writer agrees with three 
of the principles enumerated, but does not believe that in stations 
where voltages of 33,000 and upward are obtained by means of 
step-up transformers ‘‘each conductor should be sur- 
rounded and separated from every other by a continuous fire- 
proof barrier ", and for the following reasons: 

First, the violence of an arc and the destructive effect of a 
short circuit seem to depend more on the amount of current 
than power available, or for the same amount of power would di- 
minish with increase in voltage. 

Secondly, the short-circuit current available on the secondary 
side of a transformer 1s less than that which would be supplied 
by a generator wound for the same voltage and connected 
directly to the bus-bars. The use of the transformers introduces 
a cushioning effect. 

Thirdly, as the fire-proof barriers offer a more or less perfect 
ground for high-voltage circuits, the striking distance from wire 
to ground has to be greatly reduced over what could be obtained 
with open wiring in the same space. 

Fourthly, the use of enclosed bus-bars and wiring ordinarily 
necessitates several floors or galleries and a more expensive 
building and more costlv structures than the open wiring. | 

Fifthly, it 1s more dithcult to inspect and repair bus-bars, 
wiring, disconnecting-switches, lightning-arresters, etc., that are 
boxed in masonry compartment and onlv visible and accessible 
by the removal of doors than if everything was in plain sight. 
Incipient trouble will be noticed far sooner with open wiring 
than with enclosed and inspection will be more frequent and 
thorough if the station attendant in a few minutes walk can see 
everything, than if he had to remove several hundred doors and 
visit two or three floors to examine the condition of the apparatus. 

As Mr. Blackwell refers particularly to the Toronto & Niagara 
Power Company's transformer house at Toronto as a typical 
example of the enclosed wiring and bus-bars, 1t might be stated 
that at the time of a recent visit to that station in February, the 
static discharge apparently from the 60,000-volt wiring and bus- 
bars could be heard all over the building. This trouble may 
have been remedied since that time, but 1s one far more likely 
to be met with in a system of enclosed wiring than in a system 
of open wiring such as that of the Ontario Power Companv's 
Plant at Niagara Falls. 

C. W. Hutton (by letter): Enclosed station for the higher 
potentials has not, as stated by the author, been given the 

attention which it would appear its importance demands. Cable 
insulation for potentials of 50,000 volts and upwards seems out 
of the question and the only alternative seems to be the use of 
long bus-bar ducts with the conductors mounted on suitable 
insulating supports, (the ordinary line insulator being the most 
common practice). The arrangement of the apparatus which 
would seem most simple and satisfactory would be to set the 
transformers in a straight line and in groups. A moderatelv 
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heavy brick wall should be built immediately back of the trans- 
formers with openings suitably arranged for the passage of the 
high potential wires from the transformers, which should be set 
with their high potential sides next to the wall. Suitable open 
air disconnecting switches should be interposed between the 
transformers and the openings in the wall and be mounted upon 
the brick wall immediately above the transformers. Three bus- 
bar ducts (considering that three phase working is to be used), 
preferably of tiling on account of its many desirable features, 
each having a section of approximately 2 ft. 4 in. by 2 ft. 6 in. 
high should be arranged one above the other immediately back 
of the brick wall, the bottom of the lower duct being approx- 
imately level with the tops of the transformers. 

Sectional bus-bars and line oil-switches should be arranged 
in tile compartments immediately back of the bus-bar ducts, 
the bottom of the compartments being on a level with the bottom 
of the lower bus-bar duct. Suitable hand-operated oil-switches 
for plants of from 10,000 to 15,000 kilowatts can now be made 
up in three-pole units at a cost of about $175.00, including the 
remote-control apparatus, so that the liberal use of oil-switches 
is not prohibitive on account of expense. 

One of these three-pole units can be very conveniently installed 
in a space of 5 bv 5 bv 10 ft. long. From the oil-switches used 
for the individual line circuits, the lines pass through suitable 
wall openings to the outdoor disconnecting switches mounted on 
poles immediately adjoining the building, thence to the trans- 
mission lines. Remembering that all oil-switches have open-air 
disconnecting switches on both sides, it will be seen that it is 
never necessary to open the air-switches under load. Practice 
has shown the above arrangement to work out very simply 
in construction and highly effective in operation. 

The low-potential station wiring at апу voltage from 15,000 
down has been so well standardized that time will not be taken 
to discuss it. 

Wm. McClellan (by letter): There is little doubt that the 
enclosed wiring is much more desirable in power stations and sub- 
stations when the voltage is less than say 20,000. Above this 
voltage, engineers would do well to favor conditions which will 
permit of open wiring as much as possible. It 1s a note-worthy 
fact that, for the same power, as the voltage increases, the arc, 
although capable of jumping over longer distances, becomes in 
itself less destructive. It may also be noted that about the 
only time an arc can start in a properly designed installation 1s 
where open switching is done. So far as bus-bars, tap connec- 
tions, and apparatus terminals are concerned, there is no danger 
whatever in open wiring. The remedy then is to make use of 
oil switches. It is usually found that for very high voltages 
the amount of space required and the cost of complete installa- 
tion would be far greater for the enclosed wiring than for the 
ordinary open type. It is quite apparent that the trend of 
design for very high voltage sub-stations is towards an inclosure 
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as small as possible. The writer's conception of the future 
very high voltage sub-station, or step up portion of a power house 
installation, is a small switching compartment enclosing the 
control switches and meters, with transformers, and remote con- 
trolled oil switch all out of doors. Under these circumstances 
the lightning arrester is about the only place at which it would 
be possible for an arc to start. As this will probably be out of 
doors anyway, it does not affect the general question. Should 
we be so fortunate as to get all that the electrolytic arrester 
seems to promise, we should have no trouble here. 

L. А. Herdt (by letter): Large hydroelectric plants of recent 
design, operating under high voltages and developing large 
amounts of power, show so much variety in the arrangement of 
the electrical apparatus as to suggest wide differences of opinion 
among the designing engineers as to what is considered necessary 
and advisable to guard against the spread of arcs and to protect 
the apparatus from trouble if it exists in one part of the plant. 

In some cases the isolation of the high-tension apparatus and 
conductors is carried out in such a way that each conductor 15 
surrounded and separated from every other by combustible 
walls and barriers. Transformers are placed in pits and isolated 
from one another by heavy masonry fire walls. On the other 
hand, in one of the largest hydroelectric plants of this country, 
the high-tension bus-bars and disconnecting-switches are placed 
in an open room without any intervening sections or barriers; 
the transformers are walled in, but in groups of three. 

In another installation of considerable size the transformers 
will be found all placed together in one room, the high-tension 
wiring is open without barriers of any kind; considerable distance 
is allowed between the conductors and this has, so far, afforded 
sufficient protection. 

The writer, however, agrees with Mr. Blackwell that high- 
tension apparatus and conductors require to be guarded against 
the spread of arcs, and should be protected from fire spreading 
from adjoining apparatus or from external sources. This pro- 
tection is best secured by fire-proof barriers, but the extent of 
this protection and the expenditure thus incurred should Lear 
some relation to the amount of power generated and the revenue 
to be derived from the sale of the power. The writer is of 
opinion that when there exists a number of high-tension trans- 
mission lines carrying large amounts of power, each transmission 
line with its high-tension switches, bus-bars, lightning-arresters, 
and transformers forming one unit, should be separated alto- 
gether by fire walls and the like from the apparatus belonging 
to another similar set. The high-tension bus-bars common to 
all the different units should be constructed with great care, and 
whether placed in continuous fire-proof barriers or not thev 
should be provided with disconnecting- and tie-switches, so that 
each unit could be operated as a separate plant or could be coupled 
with the others when found advisable. 
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DISCUSSION ON “ PowER-FactTor, ALTERNATING-CURRENT IN- 
DUCTIVE CAPACITY, CHEMICAL AND OTHER TESTS OF RUBBER- 
COVERED Wines or DIFFERENT MANUFACTURERS,” AT 
NIAGARA FALts, JUNE 25, 1907. 


(Subject to final revision for the Transactions.) 


Henry W. Fisher: in presenting this paper to the Institute I 
wish it to be clearly understood that no attempt has been made 
to say anything or do anything that would be discourteoys to 
the manufacturers: of rubber-covered wire. The* main object 
of the paper 1s to compare a large variety of rubber-covered wires, 
especially with reference to power-factor and dielectric loss. So 
far as I know these tests have not been applied commercially 
to any extent here. 

A careful examination of the results given in the paper will 
show that power-factor tests are valuable in helping to determine 
the quality of rubber-covered wires, but that they cannot be 
relied upon to indicate the amount of fine Para. All the tests 
given are essential, especially the chemical, voltage, and insula- 
tion resistance tests. 

Chas. P. Steinmetz: This paper is interesting in giving what 
may lead to an advance in our method of judging cables. It 
proposes to investigate the character of cables by measuring the 
energy loss in the cable as represented by the power-factor. 
The energy loss in the cable appears to me a very important 
quantity. However, I do not believe it would be safe to judge 
cables merely by this energy loss. What is important in a cable 
or any condenser 1s 1: the disrupted strength; that is, that the 
cable stands the operating voltage with a sufficiently high limit 
of safety, and 2: the deterioration, that the cable does not 
deteriorate at the operating voltage within a reasonable time. 
Deterioration is the effect of energy, consumed 1n the dielectric 
of the cable, Therefore, if one could imagine a cable which has 


no energy loss whatever in the dielectric or zero power-factor, | 


such cable would not deteriorate. This shows the importance 
of the energy loss in the cable. However, the deterioration 1s 
not necessarily, and probably in general 1s not proportional to 
this energy loss. 

We do not know much, to tell the truth, of this energy loss in 
the dielectric in the alternating field. We suppose there is 
some kind of a dielectric molecular friction similar to the mole- 
cular magnetic friction of iron; that is, a conversion of electric 
energy into heat during cyclic changes of static stress. This 
dielectric hysteresis is harmless, regarding deterioration, because 
it is a conversion of the energy into heat and merely raises the 
temperature of the cable slightly, just as the current existing in à 
conductor raises it, and if we keep the temperature of the cable 
sufticiently low, no deterioration will take place owing to this 
heat. So the production of this additional heat by dielectric 
hysteresis, must be taken in consideration in designing a cable 
system. 
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There 15, however, a phenomenon, no analogy of which exists 
in the magnetic field; that is, a conversion of energy not directly 
into heat, but into chemical action, and that probably is what 
leads to the deterioration, the destruction of the dielectric. It 
is a chemical action exerted upon the dielectric proper, or upon 
gases included in the dielectric, either absorbed or asjair bubbles, 
etc. If we could separate the energy converted into chemical 
action from the energy converted directly into heat, we could 
draw conclusions, the former may give us a clue to the probable 
life of the cable or condenser. But even then it may not give a 
direct estimate of the life, because the distribution of the de- 
structive energy is all important. We may have cases in which 
the energy converted into chemical action, that is destructive 
energy, is moderately high but uniformly distributed over the 
whole cable, and the cable so has a good life, while in other 
cable in which much less energy is acting destructively, may 
rapidly go to pieces, because the total chemical action, although 
less is concentrated in a few spots, some air bubbles there weaken 
the dielectric, rapid oxidation of the rubber etc., takes place, 
and so disruption. That latter feature is well known to any one 
who has attempted to build elect.:ostatic condensers for very 
high voltage. There the chemical energy is localized at some 
few spots where air bubbles have remained in the dielectric, and 
destroy it. 

While we do not yet know much concerning the laws of energy 
loss in dielectrics, we know that a part of it, the dielectric hy- 
steresis proper, probably does not vary proportionately to the 
square of the voltage, and so does not give a constant power- 
factor independent of the voltage, but a power-factor which 
piobably decreases with increase of voltage, while from other 
observations and theoretical reasons it appears probable that the 
chemical destructive action at higher voltages increases more 
rapidly than the square of the voltage; that 1s, the power-factor 
increases with increasing voltage, and it appears to me, any con- 
clusion which could be drawn from measurement of the power- 
factor of the cable could be drawn only if the power-factor is 
measured at the operating voltage, at which the cable is to bc 
run, and that 15 the main objection I have to the paper, although 
in general I agree with the trend of it. I think that power-factor 
and energy measurement are made at 75 volts, if I am not mis- 
taken. I believe they should be made at the voltage at which 
the cable 1s supposed to operate. 

I wish to call attention to the statement that the condenser 
with the internal energv loss can be represented by a perfect 
condenser in series with a non-inductive resistance. I do not 
think that is quite correct. I think an imperfect condenser 
can be represented by a perfect condenser, shunted by a high re- 
sistance. If we consider the extreme case, where there is a very 
high loss, a series resistance would mean the wattless component 
of voltage is reduced thereby. which is hardly probable. In the 
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present case it makes no difference because the non-inductive 
resistance is very small, compared with the remaining wattless 
effect, but where there 1s a very considerable energy loss, I 
think the safer way is to put it that the imperfect condenser 
is represented Ьу a perfect condenser shunted bv a non-inductive 
conductance. 

The paper certainly refers to a feature that has not always 
been given proper attention; that is, the importance of the 
energy loss in the cable, not for the sake of the ећсіепсу of the 
plant, but for the sake of its possible effect on the life of the 
cable. One great dithculty in this matter is the method of 
measuring the loss, which the paper says is ditficult and com- 
plicated, and not verv easy to do under usual factory conditions. 

E. W. Stevenson: In the early part of the paper Mr. Fisher 
mentions something about the change of dielectric with the tem- 
perature. I would ask him if it is an admitted fact that the 
smaller change of dielectric resistance due to temperature 
shows a higher percentage of pure para? The reason I ask this 
is because recentlv I read a specification that called for a verv 
small change of dielectric resistance per degree of increase or 
decrease in temperature. That is the first time such a require- 
ment has been called for. There has been considerable argu- 
ment upon it, whether it 1s so or not. 

Henry W. Fisher: The temperature coefficients vary with the 
ingredients mixed with the rubber, and probably also with the 
steam temperature and pressure and time of vulcanization. The 
coefficients are generally less the higher the percentage of fine 
Para rubber. The coefficients are not uniform throughout a 
considerable difference of temperature. In some cases the 
curves representing the coetticients in terms of temperature are 
of double curvature and sometimes single curvature. I pre- 
sented curves showing these peculiarities at the Asheville meeting 
two years ago. 

Henry G. Stott: This is a subject in which I take a great deal 
of interest. It seems to me that the paper starts in from the 
wrong point of view. А number of different types of wire are 
taken and analyzed as closely as possible, and then the results 
of various tests are given to show just how the various charac- 
teristics varied with a change in composition. I think we could 
get a great deal more information if the manufacturers would 
start out with a definite composition and increase just one in- 
gredient at a time, and follow that up so that we could get a 
complete curve of variation due to various percentages of that 
ingredient and so on, following through with the percentage of 
para, various extracts, mineral matter, etc. But if we could 
start on a definite basis and build up first one characteristic 
and then another, I think we would arrive at something verv 
definite upon which specifications could be based. 

The paper on specifications for rubber-covered wires by Mr. 
Langan, read a little over a vear ago, assumed to give such speci- 
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fications. Оп trying to carry out the specifications enumerated, 
stretching tests and others, I found that the same results could 
be duplicated by entirely different compounds, African rubbers, 
mixtures of various sorts, reclaimed rubber could be made to 
give practically the same characteristics as 30 per cent. or 40 
per cent. para rubber, and based on that I published a series of 
tests made on different tvpes of compound to show how impossi- 
ble it was to depend on anything at the present time except on 
the manufacturer's word, as to what the wire contained. Chem- 
ists all agree that it is extremely dithcult, if not impossible, in 
any analysis to say exactly what the constitutents are in any 
given rubber compound. 

Henry W. Fisher: Iam interested in Dr. Steinmetz's remarks 
and fully agree with him that tests of this sort should be con- 
ducted at higher voltages. However, at the time these tests 
were made the apparatus available was designed for low voltages, 
and the wires tested were those used generally on 100-volt lines. 

It 1s my intention, however, soon to use higher voltages, in 
connection with which special apparatus like condensers, trans- 
formers, etc., will have to be designed. Probably the apparatus 
most difficult to obtain would be a good mica condenser of low 
power-factor and high capacity to operate continuouslv at from 
6,000 to 10,000 volts. 

Answering Dr. Steinmetz's criticism relative to the method 
of connecting the resistance in the standard condenser circuit — 
in getting the power-factor it 1s 1mmaterial whether the re- 
sistance 1s in multiple or series, so long as the right formula for 
each case 1s emploved. This formula for series connection was 
obtained from Dr. Rosa, of the Bureau of Standards and un- 
doubtedly is correct. The resistance is used in series with the 
standard condensér to make the phases of the currents in the 
two branches of the bridge the same. 

I will ask Dr. Steinmetz if he has treated this problem analyti- 
cally to see if the series resistance method is incorrect, or whether 
he reasons from analogy that the resistance should be in multiple 
with the condenser? 

Chas. P. Steinmetz: In the magnetic circuit, the resistance 
which represents the equivalent of the loss of power in the magne- 
tic cycle, is in shunt to the circuit. In the electrostatic field we 
do not know enough to say whether there is a series component, 
. but the assumption is justifed that there is an electrostatic 
hysteresis similar to the magnetic hvsteresis, and in this case, 
the wattless component and the energv component should be 
shunted to each other, as in the case of the magnetic circuit. 

I may say that as the formula was worked out by Prof. Rosa, 
it was undoubtedly worked out for a case like this, where the 
energy quantity is very small, and where, therefore, 1n the first 
approximation, it is immaterial whether you put the resistance 
in series orin shunt. The question would become of importance 
when the energy component is considerable compared with the 
wattless component. 
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E. W. Stevenson (by letter): At the end of Mr. Fisher's 
paper he lays particular stress on the low breakdown voltage of 
the white core samples. Thisisa very interesting fact, especially 
as it comes from such an authority as Mr. Fisher. I certainly 
admire his courage in making the statement. I have always 
been strongly of the opinion that white core 1s nothing more than 
а fad. Of course it is generally understood that the white core 
does not contain sulphur, and therefore 1s used for the purpose 
of preventing the sulphur of vulcanization attacking the copper 
of the conductor. But of course all copper in rubber-covered 
wire is tinned, and this tinning, as everybody knows, is merely 
for the purpose of preventing this action, therefore if the tinning 
is done properly what is the use of complicating the covering 
process by putting on a white соге? 

The British navy requirements call for a pure para next to 
the conductor, a second covering, called a filler, in which there 1s 
no sulphur, and a third covering of vulcanized rubber on the 
outside, thus making three separate covers. This forces the 
manufacturer to use strip method of covering which, as many 
of us know, is not the best for all cases. 
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DISCUSSION ON " INTERACTION OF SYNCHRONOUS MACHINES ”, 
AT NiAGARA Farrs, N. Y., JuNE 25, 1907. 


(Subiect to final revision for the Transactions.) 


E. J. Berg: Any paper which tells in a simple way how to 
calculate the characteristics of two machines in parallel 15 valu- 
able, especially when the equations or diagrams give the syn- 
chronizing power. From this we can determine the stability 
and the natural period of the machine, in other words we can 
predict. something about its hunting tendencies. I doubt, 
however, if this paper will give this information and I ask Pro- 
fessor Brooks for some explanations. Protessor Brooks uses the 
reactance and the resistance in the total circuit. It must be 
remembered that machines having the same synchronous im- 
pedance, which means substantially the same svnchronous react- 
ance, have widely different characteristics. For instance, a 
machine of definite pole construction and a given synchronous 
impedance may have an angular displacement of the armature 
at full load of 15 degrees, whereas another machine of the round 
rotor type having substantial uniform magnetic reluctance 
mav have 30 degrees displacement with the same impedance. 
It is obvious therefore, that any calculations based upon the 
reactance are of little value in determining its characteristics. 

I hope that I am mistaken in thus interpreting the paper and 
that Professor Brooks can explain that he has taken into con- 
sideration not only the true reactance of the armature, but the 
armature reaction, that 1s the demagnctizing or magnetizing 
effect of the armature current on the field. 

Chas. P. Steinmetz: [agree with Mr. Berg that these diagrams. 
and also the original diagram of mine that has been referred to, 
applied not to existing but to ideal machines. To illustrate; 
with change of field excitation the current rises—on one side 
leading, on the other side lagging; but they are not suitable to 
predetermine exact values, because they apply to a machine in 
which the reactance 1s constant, the armature reaction constant, 
the magnetic inductance, as brought out by Mr. Berg, constant 
in all directions. Such machines do not exist. Try experiment- 
ally to reproduce the diagrams I gave in my paper many years 
ago and you find near the non-inductive load, near the minimum 
point, you get about the same shape, but toward much lower or 
higher excitation vou get values which may not be exactly the 
same as calculated. 

For higher values of excitation, the experimental curve more 
and more deviates from the calculated, due to magnetic satura- 
tion. For low values of excitation, the curve should bend back 
before reaching the zero line of voltage. Instead of this, the 
experimental curve can sometimes be made to cross the zero 
line. If at constant impressed voltage, you gradually lower the 
field excitation from that corresponding minimum current down 
to zero, and then reverse the field, the machine keeps in step 
and you may bring up the field in opposite direction, until you 
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have a very high reversed field excitation, and still the machine 
runs in the same step, with the armature reaction producing 
the field against the opposing magnetomotive force of the field 
circuit, until suddenly the machine slips one pole back and with 
the same field excitation, evervthing remaining the same, the cur- 
rent drops down to the value which corresponds to the positive 
value of excitation. Now, that no diagram shows because it is 
the effect of the asymmetrical magnetic structure, that is the 
magnetic flux is not in line with the resultant magnetomotive 
force, but differs therefrom by a certain angle being closer to the 
center line of the field pole, and this feature throws anv simple 
calculation out, and requires a much more complicated system of 
diagrams 1n which you have to consider the two separate compo- 
nents of magnetic inductance, and of armature reaction. The 
reactance is not a constant, but a function of the position, has 
different values in two directions at right angles to each other 
and the magnetic reluctance of the circuit also has two values. 
You must divide the system into two components, which can 
be done, but makes it a little more complicated. 

Comfort A. Adams (by letter): Without wishing to subtract 
in any way from the credit due Professor Brooks for his very in- 
teresting paper on '' The Interaction of Synchronous Machines ”, 
it 1s only fair to state that the principle diagrams there described 
were published by Professor Blondel in 1895 in '' L’Industrie 
Electrique ", and later in his book on '' Synchronous Motors " 
The writer has used the Blondel diagram for the last twelve 
years in his classes and has found it a great aid in making clear 
the operation of synchronous machinery. Не therefore appre- 
alates most highly the interesting additions to this diagram 
made by Professor Brooks. 

The quantitative relations between the armature resistance 
and reactance shown in this paper lead one to assume that the 
leakage reactance was chosen in place of the synchronons reactance, 


4 


which should have been employed. 3 
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DISCUSSION ON '* FRACTIONAL Рїтсн WINDINGS FOR INDUCTION 
Morons ", AND “ ZiGzZAG LEAKAGE OF INDUCTION Morors.”’, 
AT NraGArRA Fats, N. Y., JUNE 28, 1907. 


(Subject to final revision for, the Transactions.) 


J. C. Lincoln: Have experiments been made to determine 
the relative importance of the three kinds of leakage found in 
induction motors? 

1. The leakage across the slots. 

2. The leakage across the рар, or so-called zigzag leakage. 

3. Leakage in the end-connections of the stator winding. 

Have experiments been made to determine the relative im- 
portance at full-load of these three sorts of leakages with reference 
to the main or useful flux? 

Chas. P. Steinmetz: 1 want to call attention to one point that 
Professor Adams did not touch on, and that is with fractional 
pitch windings the extra insulation necessary plays an important 
factor in the design of both the motor and the alternating-current 
generator. That 15, if we assume a Y-connected machine, three- 
phase, and use a fractional pitch we have increased insulation 
necessary on the cnd-windings where the opposite phases come 
together in the same slots. This has quite an effect on the 
design. І think that the vast majority of the motors we are 
building to-day of the induction type are built with fractional 
pitch windings as are also most of the alternators. 

B. T. McCormick: I ask whether the claim for extra insula- 
tion is on the end-connectors or in the slots? 

Chas. P. Steinmetz: The insulation is progressive; that is, 
if we start from the neutral point as we go out from the neutral 
point the extra insulation 1s necessarv, because we have the full 
potential between phases instead of the potential from the 
winding ^; the neutral point. 

Comfort А. Adams: Referring to the effect of fractional pitch 
upon the exciting сиггепі— І should like to point out that not 
only is the electromotive force induced in a fractional pitch wind- 
ing by a given flux, less than that of a full-pitch winding, but 
the magnetomotive force and the flux produced bv a given 
current with fractional pitch 15 less than that for full pitch. In 
other words, fractional pitch introduces differential action both 
in the electromotive force and in the magnetomotive force 
generation. The two differential factors are fullv treated in 
my paper. 

It was stated by one of the speakers that if the maynetizing 
current increased in the same proportion as the reactance de- 
creased, there would be no resulting gain in power-factor. That 
there is in some cases a very decided gain will be apparent when 
it is remembered that these two elements vary approximately 
in reciprocal relation. Take, for example, a motor in which the 
exciting current is 14% of the load current and the reactance 
electromotive force 30% of the induced electromotive force; 
assume that the pitch of the winding 1s reduced in such a way 
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that the exciting current is increased one- and a-half times its 
original value, namely to 21%, then the reactance will be reduced 
to approximately two thirds of its original value, or about 20%, 
giving thus a total quadrature component of 41% in place of 
44%, for the full pitch winding, which means a material imprcve- 
ment in ihe power-factor, to say nothing of the inciease in start- 
ing torque and break-down torque. Of course an appropriate 
reduction in the number of primary conductors would have 
approximately this same effect. 

The extra insulation required by fractional-pitch windings 
would hardly be an item of any importance in induction motors 
of ordinary voltage, but might easily take on considerable 
proportions in high-voltage alternators. 

A. S. McAllister: The problem of determining the exciting 
current or the '' wattless volt-amperes ” is rendered very simple 
when the solution is based on the fact that anv energy that is 
magnetically stored in the field during any part of the cycle 
must be restored during the next part of the cycle, in any ma- 
chine which has an alternating flux. Of course, the relation 
just stated dves not hold in the case of the synchronous motor, 
where magnetic energy is initially stored in the exciting field 
but not given out during any part of the cycle. If in the in- 
duction motor, we find the volume of the main magnetic path 
and divide it by the permeability, and find the volume of the 
teeth and divide that by the permeability, and find also the 
volume of the air gap and divide that by the permeability, (which 
happens to be one) and multiply each of these values by the 
square of the flux throughout the respective path, we can de- 
termine the value of the magnetic energy stored in each of the 
paths; this same magnetic energy is given out through each cycle. 
Therefore, the ‘‘ quadrature watts” or the “© wattless volt- 
amperes "', сап be calculated just as one calculates the core loss 
watts in a motor, or in any other apparatus in which the flux 1s 
alternating. This fact was mentioned during the Milwaukee 
meeting at which time an equation was given for representing 
the actual value of the wattless volt-amperes. 
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Discussion ON ' TRACK-CirRcuIT SIGNALING ON ELECTRIFIED 
Roaps ”, AT NiaGARA FarLs, N. Y., JUNE 28, 1907. 


(Subject to final revision for the Transactions.) 


Charles F. Scott: This paper is quite special in its scope and 
is valuable for the information it gives, but is not apt to be 
fruitful of general discussion. I have been interested to note 
during the reading of the paper, and also in mv observation 
during the last few years of this signal development, of the gen- 
eral course of that development and the effect of the electrifica- 
tion of railways on signal work. At first on the ordinary steam 
road, the only electricity used in connection with the track 
system was the small amount employed in connection with the 
signals. The use of the track, however, for carrying direct 
current for railway motors has caused some voltages to be intro- 
duced which begin to affect the signal circuit and they have to 
be taken care of in ways which when they are worked out and 
explained seem simple and adequate, but did not seem so simple 
when the difficulties first arose. The introduction of single- 
phase alternating current and the use of the rails tor conducting 
this current again introduces a new kind of disturbance in the 
signal system. It is interesting to note how the signal work 
has followed these various intrusions of greater currents. One 
rail was set aside for signal work, and later on the signal system 
adapted itself to the condition existing when both rails were used 
for propulsion current. The signal engineer follows the example 
of the railway engineer and gets into alternating current; if the 
alternating current in the railway is bad for his work he cures the 
evil by adopting alternating current himself. He solves the 
frequency question by going to a high frequency instead of a low 
one. This also illustrates the amount of electrical engineering 
which can be applied to what most of us who have not come in 
contact with this work at all have probably considered a very 
simple sort of thing, but the grade of engineering work and the 
knowledge and ingenuity required in devising these systems, 
with the remarkable reliability and excellent way in which they 
perform their work, is something ta elicit our admiration. 
There 15 still another source from which other @urrents may come 
and affect the signals, which I understand has been characteristic 
of one installation, and that 1s when the tracks were bonded to- 
gether for the operation of the railway these track connections 
formed an inviting path for currents from adjacent railways 
which were strolling through the earth, hunting convenient 
paths by which to get home, and these currents got into the 
tracks, and the signal apparatus producing some unexpected 
combinations of signals. This illustrates again the interference 
between different kinds of currents and the need of the signal 
engineer to be alert for their avoidance. 

Henry G. Stott: I think we ought to be congratulated on the 
presentation of a paper of this character. It is perhaps sig- 
nificant of the very small general knowledge on the subject of 
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the signaling system which we have, that so few people are 
ready to discuss it. I am connected with a railroad which 15 
using the type of signaling described in Mr. Howard’s paper, 
and I am perfectly free to admit that I know very little about it, 
We have a signal engineer, but his work is so specialized that it 
is an entire department by itself. If we all knew what signaling 
engineering was and the mass of details with which the signal 
engineer must contend and the wonderful ingenuity which he 
displays in arranging them, I think we would put the signal 
engineers at the very top of the class instead of the bottom. 

In the first operation of the signaling system on the Subway 
in New York City considerable difficulty was encountered, due 
to the fact that the source of supply of the current was one 
which had variable electromotive force. The 60-cycle current 
was generated by a generator coupled to a direct-current motor 
which was operated from the ordinary third-rail current and 
subject, therefore, to very wide fluctuations of voltage. That 
reacted, of course, to keep the tongues of the relays on the signal 
system almost in continuous vibration, thereby reducing the 
life, and in some cases with very wide changes, resulting in 
failures in the signal apparatus itself. We changed that over 
so that the current is now supplied directly from 60-cycle tur- 
bines and the regulation on that is one per cent. Since that 
time the failures of signals to operate have diminished so that 
they practically do not exist. I forget what the record is, 
perhaps Mr. Howard has stated it, but I believe it 1s about one 
failure of the signal to operate in three or four million. 

It seems to me that this development of the complete block 
system has got to come to all railroads. Until such is the case 
the appalling accidents which have taken place on manv of our 
main lines during the past vear will continue, because in the 
operation of power plants, and in the operation generally of all 
important apparatus, we find now that the apparatus itself has 
improved to such a point that the failures are not of the appara- 
tus but of the men who operate them. A man may go along 
perfectly for years, doing the same thing every day and then 
he fails absolutely. For example, in the power plants with 
which I am connected, in three years we have had only one 
shutdown, and that was caused the other day by the gross 
blunder of a man who has done the thing perfectly hundreds 
of times, failing to do what he should have done. He could 
not explain it and no one else could explain it. The more we 
can eliminate the human element from our signal system the 
more perfect they will become. 

Charles A. Perkins: It seems to me that this paper calls our 
attention to the desirability of extending the block system much 
beyond the range of signals; it is desirable not only that the 
signals should be given, but also that the obeying of the signal 
should be beyond the option of the engineer or motorman who 
is operating the train. I have been in an accident caused bv the 
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engineer on a following train running by a danger signal. In the 
multiplication of automatic schemes for safety, such a scheme 
should be included in the block and signal system. I shouldlike 
to hear from Mr. Stott as to how far this has been accomplished. 

Henry G. Stott: On the Subway system this feature is abso- 
lutely automatic. The man cannot run past the signal. If he 
does the brakes are automatically set and the current 1s cut off. 
It is absolutely impossible for him to run by the signal without 
its being known. They may do it once, but they are not likely 
to repeat the offence, because they have got to get down and go. 
under the car and reset the air-brake valves under the car before 
they can start the car again. This means when they get to the 
end of the line, they have to make an explanation why they ran 
by the block, and that means they are laid off for a week. 

L. F. Howard: I shall make a few comments on the matter 
of the automatic stop. It is used on the Boston elevated, and 
I believe there are a few automatic stops on the Chicago elevated 
system. The matter 1s also being agitated on some other roads. 
On surface roads it is more difficult to apply, on account of 
weather conditions, when it 1s down on the ground. A number 
of years ago it was suggested that an arm should extend from 
the signal mast, when the signal was at danger, this arm to be 
so arranged as to engage with a glass tube or stop cock on top 
of the engine cab. The tube or cock being connected with the 
train pipe of the braking system, the breaking of the glass tube 
or opening of the cock, in case the engineman ran by a “ stop ” 
signal, would set his brakes. 

There are, however,quite a number of points in connection with 
the use of train stops or surface roads as yet undecided, and the 
present general feeling amongst the officers of such railroads 1s to 
adhere to present practice and exercise closer checks on their 
emplovees. 
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DiscussioN ON " REGENERATION OF POWER WITH SINGLE-PHASE 
ELECTRIC RaiL way Motors’”’, at NiaGARA Fates, N. Y., 
JUNE 2s, 1907. 

(Subteci to final revision Jor the Transactions.) 


W. I. Slichter: The possibility: of regenerating power with 
single-phase motors is one of the valuable features of the single- 
phase system and one which will be of great assistance in bring- 
ing the motor into the field of heavy railway work. The possi- 
bility of regenerating at various speeds is well illustrated in Mr. 
Cooper's paper, but it is interesting to note that there are two 
points in the svstem at which the speed can be varied; first, bv 
changing the tap on the transformer from which the exciting 
motor obtains its excitation; secondlv, bv changing the tap on 


E; 


~ Fic. 1. 


the transformer to which the generating motors are connected. 
These two actions may be independent, giving twice as many 
steps as there are taps. With this arrangement a verv large 
number of taps on the transformer is not necessary. 

With regard to the phase of the current which is returned to 
the line, there is liable to be a low power-factor, due to the in- 
ductance in the motor, the line, and the steel rails. This can 
be improved bv a compounding effect in the motor which is 
acting as a generator, as shown in Figs. 1 and 2. 

E, represents the electromotive force of the line, or at the 
secondary of the transformer, which is impressed on the field 
winding of the motor that is acting as an exciter. The flux 
which is set up in these fields will be displaced approximately 
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90° behind E,, as at ф,. The armature of the motor used as an 
exciter revolves in this flux and produces a voltage i in phase with 
ф,, as shown by Е,. 

This voltage being impressed on the separately excited fields 
of the power motors, produces a flux in their fields displaced 90° 
behind £,, as shown by ф.. 

The electromotive force generated by these armatures is in 
phase with ф„ as E,, which is nearly in opposition to the line 
voltage Eo, giving a resultant electromotive force £,. 

This resultant forces the current /, through the windings of 
the motor and transformer, in which there is a considerable 
amount of inductance, and the current will lag behind E, an 
amount depending upon the inductance of these circuits. 

If, however, in addition to the magnetizing current caused by 
E,, we force through the fields of the power motors a certain 
portion of the current from the field of the exciting motor having 
the phase of ¢,, then will 6, and E, be advanced in phase con- 


Ey 


Fie. 2. 


siderably, as in Fig. 2, and the resultant Æ, will lead E, and the 
current J, flowing may lag considerably behind £,, and still be 
nearly in phase with Е, or Es, assuming a position between the 
two giving a good condition for returning power instead of v olt- 
amperes to the line. 

L. B. Stillwell: The importance of recuperation has not Been 
recognized adequately by American railway engineers. Its im- 
portance, as Mr. Cooper states, 15 primarily due to the fact that 
it assists powerfully in reducing wear and tear of rolling stock 
equipment. The average cost of renewals of rolling stock of tHe 
railways of the United States to-day exceeds $250,000,000 per 
annum. Of that total, a large proportion, probably at least one- 
half, is due to the destruction of rolling stock bv loss of control 
on heavy grades and by excessive wear and tear of wheels and 
brakes and strain of draft-gear. А number of vears аро when 
the late Judge Cowan was president of the Baltimore & Ohio, 
this wear and tear of rolling stock loomed up in the road's cost of 
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operation as so formidable an item that he and some of his assist- 
ants very seriously considered the problem of utilizing. electricity 
to operate the heaviest of their mountain grade divisions. 
Messrs. Duncan & Hutchinson made an investigation апа report 
at that time, and I recall that subsequently Judge Cowan ex- 
pressed to me the opinion that the saving in cost of maintenance 
which could be effected by using the three-phase system on this 
division was of the greatest importance. 

In this connection, the work that Mr. de Kando and his asso- 
ciates of the Ganz company have done is of great interest. The 
argument which Mr. de Kando uses in meeting the opposition of 
the railway operator who 1s of the opinion that it would be quite 
impossible to operate up grade and down grade at uniform speed 
is interesting. Mr. de Kando takes the position that the true 
limitation of speed, either in climbing or descending a mountain 
grade, 1s the curvature of the road, the limiting curves properlv 
fixing the maximum speed. Не argues that instead of climbing 
a grade at a speed of 20 miles an hour and descending it at 40 
miles an hour the same result is attained in crossing the mountain 
if the locomotive be run at the average speed of 30 miles an hour. 
If 30 miles an hour be the permissible speed with reference to 
limiting curves nothing is lost, so far as schedule is concerned, 
and much 1s gained, 1n assuring the safety of the train in going 
down grade by adopting a system that absolutely holds the 
train to the speed that is predetermined as a safe limit. 

Anyone who travels over mountain-grade divisions in this 
country and looks out of a car window usually sees the remains 
of at least one freight wreck, and the argument which Mr. de 
Kando makes is not fully met, in my judgment, by saying that 
it is necessary to operate at widely varying speeds in going down 
grades in order to attain the necessary average speeds. Un- 
doubtedly this is the practice. Тһе engineer will '' let her out ”’, 
as he says, when he has a short tangent and will go downgrade 
at what he considers a safe speed, but the results are shown by 
the wrecks. It would be far safer, as far as the maintenance of 
rolling stock is concerned, to fix the limit speed for him in the 
office of the superintendent and provide a system which does not 
permit him to exceed the limit established. 

As regards the interesting system of recuperation of power 
which Mr. Cooper has presented, I would suggest that the attempt 
has been made to go too far 1n obtaining variation of speed at 
the price of complicaticn of switching apparatus. In mv 
judgment it would be better to establish a narrower range ot 
speeds for operation on mountain grades, and eliminate a con- 
siderable proportion of the switches illustrated in the diagrams. 
A tendency of single-phase equipment 1s toward an inordinate 
use of switching gear. 

Recuperation involves, in general, an increase in the output 
of motors, since they are worked down grade as well as up grade. 
Probably in practical operation the difference would not be 
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very material in respect to this point. It is customary now to 
add a second engine when a train reaches the foot of a mountain 
grade, and in general it would not greatly handicap mountain 
operation if the second locomotive were to accompany the train 
over the entire grade, being used to assist in holding back the 
train and restoring energy to the line in descent. Substantial 
compensation for the additional locomotive mileage involved 
would be obtained in the saving of power. 

J.C. Lincoln: Has Mr. Cooper made experiments to determine 
how much more wear there is on the gears of this regeneration 
system than with the ordinary method now used in operating 
railroad motors, where the motors are used as motors only and 
never as generators? 

William Cooper: As to the wear on the gears—of course 
that is purely a mechanical matter and it 15 self-evident that if 
the geais do work they will wear. The best example of that, I 
think, would be the traction brake on street cars, where the 
electric brake 15 used for traction purposes. In that case, of 
course, we find that the gears wear out faster than they would 
if only used as motors. They are bound to do that from the 
nature of the case. The amount of wear would be proportional 
to the amount they ате used for regenerating purposes. 

Mr. Stillwell’s comment about the number of switches in- 
volved as shown in the diagrams needs a reply. Of course there 
are some other considerations which will determine how тапу 
switches are necessary, but from the standpoint of making 
assurance double sure, and having a system to operate without 
a hitch of any kind from a designer’s standpoint, I incorporate 
a sufficient number of switches to cover any condition. Prob- 
ably a case would arise where a very much smaller number 
would answer the purpose. 

"In regard to Mr. Slichter's point about shifting the phase 
relation of the generated electromotive force—I ask how he 
would produce the displacement of the electromotive force on 
the exciter field? It is simpler to displace the current in the 
exciter armature circuit than it is to displace the current in the 
field circuit of the exciter. That can be done by methods well 
known to the art of shifting the current in an alternating current 
system, by increasing resistances or inductance to get апу pre- 
determined relation. 
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DISCUSSION ON “Some POWER TRANSMISSION ECONOMICS ”’ 
AT NiAGARA Fa ts, N. Y., June 28, 1907. 


(Subject to final revision jor the Transacisons.) 


Chas. P. Steinmetz. This paper describes a construction 
suitable for power transmission where the utmost reliability 
is not necessary, but where cheapness is needed to make the 
installation feasible. It is desirable in all such discussions to 
give some clue of what is understood by “reliable " or “ satis- 
factory " operation. In listening to statements of satisfactory 
operation of transmission lines, it will be found that '' satisfac- 
tory operation ” is a flexible expression; for what may seem to 
one engineer under certain conditions as satisfactory, may to 
another engineer, seem very unsatisfactory. For instance, the 
chief engineer of a large city told me a few days ago that in his 
city the power has not been off the low-tension bus-bar in fifteen 
years. In such a case a number of shutdowns averaging one 
shutdown per year, of five minutes or less duration, would be 
unsatisfactory operation; because if it should happen there 
probably would immediately be a legislative committee to in- 
vestigate whv it happened that some thousands of citizens were 
caught by the failure of the power in elevators midway between 
the floors of office buildings. In another instance, in a trans- 
mission line supplying power to a mining district, it may be 
perfectly satisfactory operation if the number of shutdowns 
averages not more than two per month, with perhaps a total 
duration of an average of twenty minutes per month. That 
may be perfectly satisfactory in that case. 

It would seem desirable, then, for an engincer who makes a 
statement of this kind to preface his statement with something 
like this: I consider as the limits of a satisfactory operation a 
number of shutdowns averaging not more than two per month 
of a total duration of not more than twentv minutes per month; 
or I consider as the limits of satisfactory operation a number of 
shutdowns averaging not more than two per vear of a total 
duration of not more than five nunutes per vear, whichever 
may be the case. Then we really could compare the cases in- 
telligently, while now we reallv cannot do so. 

The thing which brought this matter to mv attention is that 
we have had so much discussion of what is proper to do for trans- 
mission at voltages above 60,000, and we have discussed trans- 
mission lines of 100,000 volts, and more than 100,000 volts, and, 
too, someone has asked the question, which has remained: un- 
answered, whether there is anvwhere in this country or anywhere 
else any transmission system in successful satisfactory com- 
mercial operation of 60,000 volts or more. The answer to the 
question would entirely depend on what one calls satisfactory 
operation. If satisfactory operation is to be judged from the 
experience of the city engineer in whose system the power had 
not been off the bus-bars for fifteen years, I do not think there is 
any such system, or will be for a long time. If by satisfactory 
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operation is meant the case of the engineer who figures the time 
when the power is off the circuit in per cent.. of the total time, 
and is satisfied if it 15 not more than one per cent. of the total 
time when there is no power, then there will be quite a number 
of systems in successful operation. 

F. B. H. Paine: I think that Mr. Steinmetz asks too much 
of the engineer. I was brought up in a school where the use of 
the word '' satisfactory " was prohibited. Manufacturing com- 
panies have eliminated that word from their vocabularies and so 
I think it would be necessary to understand, not so much what 
the engineer of the transmission company thought was satis- 
factory, as what each one of his patrons thought was satis- 
factory; I have yet to find a unanimitv of opinion anywhere as 
to what satisfactory service may be. 

The great value of Mr. Baum's paper is in bringing out strongly 
the great difference in transmission practice of the West and the 
East. I have recently made an extended trip in the West in 
order to harmonize, if I could, the conflicting statements as to 
the availability of certain apparatus and methods for high-voltage 
transmission that are not regarded in this part of the country as 
permissible, vet I knew to have been in successful operation in 
the West. The most striking differences which Mr. Baum 
brings out 1n his paper are two: the use of the ground as a 1eturn 
for high voltages, and the fact not expressly stated in his paper, 
that no automatic apparatus 1s used on their system. The fact 
that no automatic apparatus is used permits the use of a class 
of switching and other line apparatus, even on a system of that 
magnitude, which would be utterly impracticable on a svstem 
of lesser magnitude where automatic apparatus is used. The 
oil-switches that are shown here are excellently constructed, 
but to one who is accustomed to the immense switches used for 
60,000-volt service in the East they are astonishing; they only 
cost $200 or $300, and we are accustomed to pay $1500 to 
for our switches. I attribute the successful use of these $2500 
cheaper well made switches to the fact that they are non-auto- 
matic and are used only under more or less ordinary operating 
conditions, not emergency conditions. They are used further- 
more, on long transmission lines with comparatively small 
conductors and the most complex system that is imaginable. 
They are extremely useful devices; they ought to be available 
for special service in the East, but they would not do to control 
large transmission svstems with large conductors and large gen- 
erating units behind them. 

The use of the ground as a conductor I have supposed to be 
open to serious objections. I should suppose this to be the case 
particularly, as in their case, where it is used for 60,000 volts, 
for 12,000 volts, and 2300 volts and how manv other voltages 
I do not know. I wish that Mr. Steinmetz and Mr. Scott would 
speak on that phase of the subject. 

There are a good many things described in the paper that 
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indicate a construction applicable only to a country free from 
extremely high winds and sleet. The very ingenious pole-line 
construction would not be usable in such a climate as New York, 
and this should be fully appreciated. Mr. Baum regards two 
independent pole lines entering the city from different directions 
as being more reliable than two circuits on an individual tower 
line, or two circuits each on their own tower lines, presumablv 
supplying power from the same source. The difficulty in build- 
ing up one circuit out of two, two wires on one, and one on the 
other line 1s very much increased and made almost impracticable 
if the circuits themselves are distant from each other and if 
each line feeds different customers. Lines in the same vicinity 
are equally likely to injurv from lightning whether they are 
adjacent or two or three miles apart. 

The reason for the use of different tensions in the three wires 
on a pole line is not obvious, and I was not able while in the West 
to ascertain any satisfactory reason for the practice. Unbal- 
anced strains on one fragile structure are mechanically very 
undesirable. 

The reason given by those in charge of various lines was that 
it was found impossible to string the wires sufficiently close to 
the same tension, therefore in a wind storm the different perio- 
dicity of the swing of three wires would ultimately bring them 
together. I think a more careful inspection of the lines during 
construction would make it possible to string them to the same 
tension. Оп our 400 miles of line no one has ever discovered a 
tendency of the cables to swing together. We use a seven-foot 
triangle, with spans normally at 550 feet and ranging up to 1200 
feet, 1200 teet being approximately the longest span we have. 
We find the cables swing synchronously and are sluggish in their 
movement when subject to sudden gusts of wind. 
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DISCUSSION ON ‘ SINGLE-PHASE HIGH-TENSION POWER TRANS- 
MISSION ", AT NIAGARA FarLs, N. Y., JUNE 28, 1907. 


(Subject to final revision for the Transactions.) 


Chas. P. Steinmetz: In this paper Mr. Young gives a dis- 
cussion of the relative economy of the different transmission 
systems. In bygone years, considerable discussion took place 
on this point, and it was shown that the three-phase system re- 
quires only 75 per cent. of the copper of a single-phase system or 
a four-wire two-phase system, on the basis of equal maximum 
electrostatic stress. With the change of industrial conditions, 
such conclusions will have to be revised. When the matter 
was discussed before, when the statements were correct, because 
in those early days all electrical circuits were operated as isolated 
systems without grounded neutral, and in that case the voltage 
which came into consideration was the voltage from conductor 
to conductor, across two insulators, and in that case the three- 
phase system has an advantage of 25 per cent. in copper. 

Now, with voltages of 60,000 or more, it 15 almost always the 
custom to ground the neutral, and in this case the maximum 
stress is from the conductor, over a single insulator to ground, 
corresponding to the voltage which in the single-phase system 
is the voltage between the conductors divided by two, or half the 
line voltage. In the three-phase system the voltage between the 
conductors is divided by 4/3, or the Y voltage: in other words, 


when operating with grounded neutral, all systems, single-phase, 
two-phase, or three-phase are exactlv alike in their copper econ- 
omy. Thev аге all combinations or multiples of single-phase svs- 
tems with grounded return and zero resistance in the return. 
All these systems, as we know, theoretically can be considered and 
are considered as a number of single-phase systems, each system 
being one of the transmission wires, returned over the ground 
with zero resistance in the ground. The statement that the 
three-phase system has an economy in copper of 25 per cent. is 
not correct any more for the high potential line with grounded 
neutral, but at present with grounded neutral the three-phase 
system does not offer any advantage їп copper economv over the 
single-phase or four-wire two-phase system. The advantage of 
the polyphase system over the single-phase system 15 only the 
greater usefulness of polyphase power, since the largest part 
of the power is alwavs used for synchronous motors, induction 
motors, synchronous converters, etc. The advantage of the 
three-phase system over the two-phase system is the advantage 
of three wires over four wires. This 1s what upholds the three- 
phase system at present. 

In comparing the three-phase or single-phase system with 
direct current high-tension transmission it was pointed out in 
the early days that they cannot be compared as regards copper 
economy, on the basis of maximum voltage or effective voltage, 
because one stress is alternating with the average equaling zero, 
the other stress is unidirectional, and so all those effects of the 
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electrical stress which are unidirectional, exist to a very small 
extent only in the alternating current system, while prominent 
in the direct current system, and all those effects which depend 
on instantaneous voltage are greater in the alternating current 
system. So direct current high-tension and alternating current 
high-tension cannot directly be compared on the basis of some 
voltage, average, effective, maximum, or whatever it may be, 
but require a further investigation which the future will give; 
and the future will indicate whether the direct current high po- 
tential transmission should be reintroduced to any appreciable 
extent, which by the wav I do not believe. 

E. Н. Schwarz: It is obvious that in single- phase trans- 
mission, single-phase alternators might be уѕеа, and I would 
like to know where there is a low power-factor due to a heavy 
overload, whether the armature reaction in a single-phase ma- 
chine knocks down the voltage less than in a three-phase ma- 
chine? 

Chas. P. Steinmetz: The opposite is the case. In a single- 
phase machine the armature reaction lowers the voltage more at 
heavy load and low power-factor than in the polyphase machine, 
and not only lowers the voltage but also changes the wave shape 
by superimposing the triple harmonic on the main wave. The 
result is that a machine cannot be operated at the same output 
single-phase that it can be operated polyphase; that is, a certain 
type and size of machine when built single-phase must be rated 
at the lower output, probably about three-quarters of that when 
built as a polyphase machine. 

E. H. Schwarz: In making short-circuit tests on three-phase 
and single-phase machines, I have noticed that it takes less 
field current in single than in three-phase. I thought that was 
due to the fact that in the three-phase alternator the maximum 
current in one phase would demagnetize the field at a time when 
the other phases should be generating a certain voltage, while in 
the single-phase alternator the demagnetization due to maximum 
current could onlv affect the one phase of the machine, and since 
the voltage would be zero at this time, the demagnetization 
would have no etfect upon it. 

Chas. P. Steinmetz: If there is a three-phase machine and tt 
is short-circuited single-phase, it will require less excitation for 
the same short-circuit current as when short-circuiting the ma- 
chine polyphase. But the same current in the single-phase ma- 
chine corresponds to less power, since for the same power the 
single-phase current should be 4/3 times the three-phase current; 


while with the same current the field excitation and the regula- 
tion may be better single-phase, with the same power; that is, 
“°З times as much single-phase as three-phase current. The 
regulation single-phase must be very much poorer than three- 
phase; in other words, at equal output, other things being the 
same, the single-phase machine gives poorer regulation and also 
a greater heating than the three- phase machine. Inversely, 
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to get approximately the same regulation and heating in a single- 
phase machine, the output has to be reduced considerably below 
that which the same machine would have as a polyphase machine. 

C. T. Wilkinson (by letter): The feeling aroused not only in 
Europe but also in this country in regard to the high-tension 
direct current system of transmission devised by Mr. Thurv 15 
illustrated by Mr. Young's interesting paper. As one who has 
observed somewhat carefully the operation of this system I 
beg to offer the following comments. 

First, and possibly the most important consideration, 18 
telephonic and telegraphic disturbances, due to the grounding 
proposed by Mr. Young. Where this one-phase system operates 
under normal conditions it is uncertain whether serious trouble 
of this character will develop, but it seems highly probable that 
when running under the emergency condition proposed by Mr. 
Young in a case of a breakdown of one line that very serious 
difficulty would be expected. 

The connection of the two high-tension transformer windings 
in multiple, as shown in Fig. 3, doubles the current of the trans- 
mission line and, therefore, increases the losses four times while 
it is possible that regulation would be seriously interfered with 
and that considerable trouble might be experienced due to 
hunting or surging of the single-phase synchronous motor- 
generator sets at the receiving end. 

In the case of a ground on the direct-current system, Mr. 
Young states that one-half the motor-generators will stop. In 
this connection attention may be drawn to the method of bu:lding 
the Thury sets in semi-groups, each semi-group containing two 
armatures on the same shaft which are connected in series, the 
idea being that if the station capacity is to be increased at апу 
time, it can be done by connecting these two armatures in 
multiple, thus doubling the current and halving the voltage. 
While, of course, the switching arrangements should enable 
this to be done rapidly in case of breakdown, this would some- 
what reduce the present remarkable simplicity of the Thury 
system. This method would solve the difficulty quite satis- 
factorily, though of course the line losses would be doubled. The 
semi-groups being thus connected in multiple, they would all be 
thrown across between the earth and the remaining line. 

Perhaps, it is worth while considering the arrangement Mr. 
Thury has devised in case a breakdown occurs where it is not 
desirable to ground the whole line. In these cases he places the 
transmission line (as in the case of the transmission from Mou- 
tiers to Lyon) in several sections, providing what are called 
" earthing-cabins " at intervals in order that only the broken 
section of the line need be earthed. With regard to Fig. 4, it 
seems at first sight as though greater simplicity ought to be ob- 
tained, since a large number of high-tension large rupture capac- 
ity switches must be employed. Further it is not quite clear 
whv four transformer tanks must be used: would not two sepa- 
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rate tanks be ample with a third in reserve? Possibly Mr. Young 
would be kind enough to explain this matter a little more fully. 

When comparing this system with the direct current system it 
must be remembered that it 15 a comparatively easy matter to 
guard the latter system from lightning trouble; but in spite of 
the high advance made in all types of lightning arresters 1n recent 
years, trouble is occasionally experienced with alternating- 
current transmission. 

The further troubles due to capacity and inductance need only 
be referred to, since it is, of course, thoroughly appreciated that 
their absence is an inherent advantage of the direct-current 
system. It might be well, however, to hold in mind that with high 
voltages the direct-current system allows the line wires to be 
somewhat closer together with resulting economy in transmission 
towers. 

G. T. Fielding Jr. (by letter): While engineering practice 
sometimes drifts in the wrong direction, it seems as though there 
are legitimate reasons for abandonment of the original single- 
phase machinery and svstems, passing of the quarter phase, and 
then gradually but surely settling down to three phase. 

Engineers and station operators have not a very triendly 
feeling toward single-phase machinery, especially in units of 
appreciable capacity. The heavy vibration under load, the 
excessively large exciting current with inductive loads, and in- 
ferior regulation do not add in its favor. The most serious draw- 
back to the single-phase synchronous motor is the lack of starting 
torque, and with units of large sizes dilliculties in bringing up the 
speed and synchronizing in would be anticipated. 

А single-phase motor caused to drop out of step bv momentary 
overload or апу passing cause cannot of itself regain its syn- 
chronism as can a three-phase machine, but will quicklv come to 
rest. | 

The cost of a single-phase niachine would probably be about 
20% more than a three-phase {уре if figured on an all around 
equal basis. 

Though it is said that the switching would be simpler with the 
single-phase system, 1t 1s not evident from the writer's lavout in 
Fig. 4. It would seem that the half transformer might be ar- 
ranged to connect in series rather than in multiple in case of the 
failure of one line. The amount of power transmitted upon the 
same basis could not be doubled by making the multiple connec- 
tion, and if the line insulators were based on a liberal safety- 
factor the series combination should reasonablv be maintained 
until repairs are made on the damaged line. 

While Mr. Young calls to attention some interesting points in 
making comparisons, it would seem that the disadvantages of 
single-phase machinery would weigh heavilv upon whatever 
merits there mav be in the transmission. 
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DISCUSSION ON 'LiGHTNING-ARRESTERS"', AT NIAGARA FALLS, 
N. Y., JUNE 25, 1907. 


(Subject to final revision yor the Transactions.) 


N. J. Neall: Without knowing what Mr. Thomas would set 
forth in his paper, I find that I could take paragraph 4 of his 
recommendations as a basis for the contribution to the Institute 
which I make this evening. 

It is safe to say that the commercial testing of lightning- 
arresters to-day by the manufacturers is not carried much beyond 
2500 volts in the factories, nor above 25,000 -volts in practice. 
The long term of years during which 25,000-volt lightning-arrest- 
ers have now been in service has enabled arresters up to this 
voltage to become fairly satisfactory. But for voltages above 
this it is perfectly safe to assert that no manufacturing company 
to-day could make any such tests on lightning-arresters as have 
been stipulated by Professor Creighton and Mr. Thomas. One 
of the reasons for this is the large apparatus required, its costli- 
ness, and the difficulty of placing it in the factory—where it 
would hold up considerable work going through for customers, 
It was for this reason that last year the method which I have 
proposed was devised in order that a collection of various well- 
known forms of lightning protective apparatus for station and 
for line service might be given a service test to determine their 
true merits. The principle of the test consists in passing a static 
discharge over the gaps of the lightning-arrester in such a way 
as to form a path for either а passage to ground of the stored 
capacity of the system or for such short-circuits as may be de- 
sired. 

Those of us who are familiar with the practices of wireless 
telegraphy will recognize in the method a form which has been 
employed in that connection, but until I discussed the proposed 
test with Professor Reginald Fessenden in another connection, 
I was not aware that such was the case. I believe, however, that 
the application in this instance 15 original with me. 

I would lay particular emphasis upon the opportunity which 
this test will now give the operator as well as the manufacturer 
to test out the arresters in practice, and for this reason I cannot 
too heartily urge the cooperation of the manufacturer and the 
operator to the end that more positive information be obtained 
as to lightning protective apparatus operation. 

Chas. P. Steinmetz: Professor Creighton's paper is essentially 
positive. He discusses all those tests which it is desirable to 
make on lightning protective apparatus so as to assure their 
satisfactory operation, their operativeness as far as our present 
knowledge of lightning phenomena goes. Mr. Thomas’ paper 
shows us what tests we should make, tests that are verv difficult 
to make, and in many cases almost 1mpossible except with special 
facilities. 

I believe the conclusion to be drawn from these two papers 
is that the testing of a lightning-arrester is not the same as the 


1684 LIGHTNING-ARRESTERS [June 25 


testing of other electrical apparatus. Other apparatus can be 
tested before the customer and approved, but with the lightning- 
arrester it is essentially a test of a type to be made on one or a 
few samples of the arrester, to show whether it—or rather a 
duplicate of it—will probably be able to cope with the lightning 
phenomena. After carrying out all of these tests, for instance 
to determine the limits of the discharge capacity, there will 
probably be not much left of that particular lightning-arrester. 
Hence the testing of the lightning-arresters is somewhat similar 
tothat of incandescentlamps. Incandescentlamps cannot be com- 
pletely tested for life without destruction, and only a certain small 
percentage of the product is tested, and the rest judged by the 
performance of the tested (and destroyed) percentage. 

The first attempt to test lightning-arresters similar to standard 
apparatus is given in Mr. Neall's paper. Naturally, such a test 
is to some extent rather dangerous to the arresteras well as to 
the system. It 15 the starting of a discharge of an induction 
coil. If, instead of a vibrator operating the induction coil, we 
operate it by a Wehnelt interrupter, or substitute in its place a 
Tesla transformer to sct off the discharge, it gives а very good 
way of testing the endurance of the arrester for the recurrent 
surge as described by Professor Creighton. That means that in 
all probability in the case of all the commercial arresters at 
present in use it would be from a few minutes to a few seconds 
before they would go up in conflagration, because most arresters 
are built to cope with transitorv surge oscillations, transient 
discharges, and not with recurrent surges. This method of 
testing by sending a single impulse through, bv closing the switch 
of the Rhumkoff coil, and immediately opening it, will give 
a single discharge or a few successive discharges; but by closing 
the switch and keeping it closed, with the rapidlv operating in- 
duction coil or Tesla transformer it will give a recurrent surge, 
such as is met with in practice with a spark discharge between 
the cable conductor and the cable armor, or with the spark dis- 
charge from an isolated transmission line to ground through 
a broken insulator. 

Such a recurrent surge as we know now is not taken care of 
by most types of lightning-arrester, but requires additional pro- 
tective devices, as explained by Professor Creighton. It re- 
quires an aluminum cell permanently connected from line to 
ground. That brings up the second point to which I desire to 
call your attention and that is that all these statements of tests 
with different forms of lightning-arresters possibly may have to 
be modified slightly here and there. For instance, to test the 
discharge voltage, as laid out by Mr. Thomas, we cannot always 
apply the Institute test of gradually raising the voltage until 
the discharge takes place, and then keep it on for a minute. In 
some types of arrester, as exemplified by the water jet—which 
we are told gives such good results abroad, especially in countries 
where lightning is not particularly severe— or the aluminum ar- 
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Tester, there is no definite discharge voltage. Their discharge 
voltage is the normal operating voltage, because they continu- 
ously carry a small current and in such case the test would have 
to be modified. I especially refer to the aluminum arrester, 
because in this country where lightning is rather severe I do not 
think that the water jet would be considered as particularly 
useful. In this case the test may be made by inserting in series 
with the lightning-arrester the short-circuited secondary of a 
transformer, and then suddenly opening the secondary circuit, 
while energizing the primary with impressed electromotive force; 
that is, suddenly raising the voltage on the lightning-arrester 
by a certain definite value, say 5%, or 10%, or 50%, and then 
measuring the instantaneous rush of the discharge current. The 
discharge current, even if the rise of voltage is moderate, say 
10%, may be very large in the first moment, but rapidly dies 
out, the lightning-arrester adjusting itself to the higher voltage. 
Some other modifications of tests would also have to be made, 
which would be obvious to the one who studies the particular 
lightning-arrester. In general, the conclusion is that the testing 
of the lightning-arrester, to get absolute results on 1ts probable 
performance in actual operation, is not so simple as testing other 
apparatus, generators, etc., but requires the cooperation of the 
customer with the manufacturer and also requires special facili- 
ties, quite elaborate facilities, reallv to get a complete and rea- 
sonable and effective test. 

P. H. Thomas: Iam surpiised that none of the manufacturers 
of commercial lightning-arresters has made a protest against 
the rather uncertain and indefinite tests here proposed for In- 
stitute sanction, as | am inclined to be sceptical about the wisdom 
of the Institute's attempting to standardize lightning-arrester 
tests at the present time. The Institute should be very careful 
about approving methods of testing lightning-arresters that 
cannot be conducted by engineers of ordinary experience, 
methods by which such engineers would not tsuaily be able to 
produce identical results. "There are not more than one or two 
of the tests proposed that can be so conducted by the average 
engineer. Mr. Creighton's recommendations seem to be intended 
for individual research by experts and designers of lightning- 
arresters, rather than tests to be undertaken bv commercial 
engineers. 

I feel also doubtful about the wisdom of making any more 
definitions at present. It is hard to keep track of definitions 
made by the international societies and conventions: and if we 
make any more I think it will lead to complete confusion. 

It is too soon to attempt to make standard rules for testing 
electrolytic arresters. There is a good deal of laboratory in- 
formation, perhaps, and a good deal of inference as to what 
their characteristics will turn out to be; but until a considerable 
number of engineers become pretty familiar with them, and the 
plants in which thev are installed have seen more experience, 
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I think we should refrain from adopting any standard tests. I 
do not wish to make anv insinuations about the value of the 
electrolytic arrester, but I think we should go slow on general 
principles before standardizing tests. 


Mr. Neall’s paper shows an ingenious arrangement and one 
which might work conveniently in some cases, provided the in- 
duction coil will cause sparking over the gap, which I think is 
doubtful in most cases. As Dr. Steinmetz has pointed out, it is 
necessary to have a single spark at a time, not a series of sparks 
more extended, except in the case of an endurance test. With 
one or two exceptions, relative tests are the onlv valuable tests. 
It 1s not possible to sav that the arrester has so many absolute 
units of protective power. 

W. S. Lee: If some svstem could be devised for testing the 
lightning-ariesters where installed. it would be an excellent 
thing, and I think it should be given some consideration as it 
would help out the man who thinks he has got an arrester but 
really has not. We should have some test, if possible, which 
could be made periodicallv, to find out whether the arresters on 
lines are good or useless. Having to contend with a great deal 
of trouble every vear with hghtning-arresters, I think the time 
has come when some reliable tests should be devised which could 
be applied to the arresters while thev are 1n service. 


N. J. Neall: In answer to Protessor Creighton's question— the 
requisite spark strong enough for a given discharge has not been 
fully determined. For low-voltage preliminary experiments it 
was easv to obtain more spark than was actually necessarv in 
order to have the arc take the spark as a bridge. 


Another important consideration, discovered almost at the 
outset, is the impossibilitv of obtaining a spark from gaps to 
ground if the condenser heads are connected directly to the high- 
tension feeders, because the power in the high-tension system is 
suthcient to hold the condenser charged. It 1s for this reason 
that connection is made te the middle point of the series of gaps 
between the line and ground in order chat the discharge may 
have full play in both directions. 


I should like to make the following suggestions in connection 
with the papers bv Messrs. Creighton and Thomas. 

1. Nomenclature. The names, definitions, and recent classi- 
fication of lightning-arrester characteristics while entirely proper 
from the standpoint of theory, strike me as being unduly elab- 
orate and unnecessary for the purpose for which standardization 
rules were originated. It seems to me that nomenclature can 
be overdone, not to speak of misleading the general manufacturer 
and operator who 1s not necessarily a technician, 

Practical hghtning development and testing should be kept 
as simple as possible 1n order to free it from any mystery which 
can be so easilv attached to this branch of the art. 

2. Apparatus. Tt will be observed that the methods pro- 
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posed for the development of lightning protective apparatus, 
even under the most favorable laboratory conditions, do not 
permit a thorough investigation of the devices under operation 
much above 5000 volts. 

Practical application of lightning protective apparatus is now 
fairly well established up to 30,000 volts. What is needed is 
information as to its behavior at a higher voltage, 50,000 volts 
and so on, so that in selecting апу standard test in its. develop- 
ment this difference in the character of the service should be 
borne fully in mind. 

As a matter of fact the onis test of final value is a practical 
one. A method to this end has been described previously in 
the PROcEEDINGS. It consists in a careful observation bv 
means of tell-tale papers as to the operation of all protective 
apparatus on a given system so that any recommendations by 
the Institute under the head of Standardization Rules should 
give some mention of this. 

4. Tests proposed. I heartily аре of the tests proposed 
by Mr. Thomas as being practical. hile they do not cover the 
case absolutely, they furnish all the information that would 
usually be required. 

If to his proposed tests, a further one should be added to cover 
investigation by means of tell-tale papers over a long period, 
there should be sufficient data to eliminate considerable uncer- 
tainty. 

4. Needle-point spark-gap. Jt seems to me that the most 
serious danger to the general engineering field lies in the pro- 
posed '' standardization " of the needle-point spark-gap. 

Those members of the Institute who have studied spark-gap 
performance know that it is very difficult to check the curve 
which has so far been accepted as standard. Now merely to 
extend the range of readings on this curve at higher voltages 
without a thorough study of the phenomena entailed strikes me 
not only as injudicious, but likely to destroy the prestige which 
should attend the publication of any data of this character. 

It is not my intention to go into the characteristics of spark- 
gaps of various forms for voltage measurements, since this would 
well be the subject of a number of papers. It is of as much im- 
portance as contributions on lightning-arrester tests. 1 
would therefore respectfully protest against the unqualified use 
of this form of gap, particularly for very high voltages as at 
present proposed; in its place I would substitute the gap 
made with spherical noses backed bv metalli; discs in order to 
reduce the opening for a given voltage as well as to straighten 
and fix the curve therefore. 

Charles E. Waddell (by letter): The mountain and Piedmont 
districts of North Carolina are subject to severe electrical 
storms of frequent occurrence. On the breaking of winter in 
the latter part of February or the early part of March, the first 
destructive storms usually occur; then follows a lapse until the 
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latter part of May or early June, at which time they are at 
their worst, and from which climax there is a gradual diminu- 
tion in violence until, early in September, the electrical storms 
practically cease. ° 

As it 1s the expressed purpose of the Institute to gather all. 
information pertaining to the subject of lightning, thereby 
hoping to correlate sufficient data to solve the problem of pro- 
tection, it is purposed in this paper to recite two instances a 
little out of the ordinary. 

The plant that has suffered more than any other in the moun- 
tains is that of the Haywood Power Company on the Pigeon 
river, twelve miles from Waynesville. The equipment consists 
of a 400-kw. three-phase, 60-cycle, 13,000-volt hydroelectric 
unit. The 12-mile transmission line is composed of three No. 2 
B. & S. aluminum cables, supported on Thomas 5-T insulators. 
and on wood poles spaced 200 feet apart. The line runs over 
mountain ranges and across vallevs, touching altitudes of 4000 
or 5000 fect. 

The lightning protection originally installed was of the 
highest grade of one of the well-known arresters. Some little 
difficulty was experienced in obtaining a good “ ground "', but 
after this was overcome the management felt perfectly safe. 
The opening of the following season was, however, heralded bv 
the destruction of coil after coil in the generator, until at the 
time the author was called in, out of 54 coils in the armature 
40 had been burned out and'repaired, and the machine was 
then running with 13 coils out. Matters had reached a point 
where on the slightest manifestation of an electrical disturb- 
ance the plant was shut down. 

An exainination revealed the singular fact that not a single 
coil had grounded on the frame, but had in every instance 
ruptured on the ends. While in the station a powerful arrester 
discharge took place, and it was observed that the polyphase 
electrostatic ground detector which had previously been in a 
quiescent state became most unstable, erratically fluctuating 
tirst one way and then the other, and this was followed in a 
few moments by the giving way of a coil, and the inevitable 
shutdown. 

The writer concluded that the rupture was due to a static 
stress that slowly built up, and that the inductive discharge 
from the eleetrical storm merely intensified the effect; this 
opinion was sustained by the attendant's statement, that rup- 
tures occurred when no storm conditions prevailed, and that 
the line was frequently observed to deliver а brush-discharge 
at the wire entrance. 

Inspection of the generator disclosed the tact that the arma- 
ture was Y-connected. It was decided to ground the neutral 
point, consequently reducing the potential between each line 
wire and the earth to 7500 volts. 

The arresters were of a design suited to a maximum potential 
of 18,000 volts and were connected as shown in Fig. 1. 


1907] DISCUSSION AT NIAGARA FALLS 1689 


Experience in a number of cases leads the writer to the con- 
viction that it is as necessary to provide a path for a free dis- 
charge between the lines themselves as it is to provide a path 
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to the earth, it was therefore determined to modify the ar- 
rester connection, making the changes shown in Fig. 2, and the 
result was that immunity was obtained. 
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The coils breaking down on the ends between turns, appar- 
ently indicating no disposition to ground, and avoiding punc- 
ture in the slots, would seem to indicate that the concentrated 
magnetic field, with the presence of iron, afforded a,repelling 
effect, driving the static charge as far away as possible. 


iii 


The second case is not solely a lightning discharge but 15 
more complicated and may in part be attributed to high-po- 
tential oscillations or waves. 

Included in the Weaver Power Company's distribution system 
is the Elk Mountain line, a circuit that is in all less than a mile 
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long, which supplies mills in the vicinity of the power house, 
and the Biltmore line, a circuit nine miles long supplying at 
that time the Biltmore sub-station only. Both circuits had 
been in service for about a year and had given no trouble, the 
line potential being but 6600 volts and the insulators Locke's 
No. 298. | 

The transformers at Biltmore were connected in delta with 
a spark-gap on one leg of the secondary winding. In making 
some changes at the Elk Mountain mills it was decided to con- 
nect the transformers in Y. The neutral was not grounded. 

Shortly thereafter a storm occurred, and during its progress 
an insulator and cross-arm were destroyed on the Elk Mountain 
line. Nothing was thought of the incident, a defective insulator 
being assigned as the cause; but the second, third, and fourth 
repetition of the trouble led to the conclusion that the in- 
sulators were not at fault, and that a more subtle cause was 
responsible. 

Not long after the lightning season was over, an underground 
cable broke down on the Biltmore distribution system, followed, 
as it always is, by a continuous discharge on the secondary 
spark-pap. While this was occurring, the main plant tele- 
phoned that an arm and insulator were burning on the Elk 
Mountain line. The discharge at Biltmore was then saddled 
with the responsibility, and it was decided to provide the neutral 
of the transformers at the Elk Mountain mills with a spark-gap. 
This done, it was observed that when one line discharged the 
other inevitably followed. Since that time no more insulators 
have given way. 

In each of the foregoing instances stress was purposely laid 
on the type of insulator In the case of the Haywood Power 
company the insulator was of a pattern that afforded very 
little leakage. The insulator of the Weaver Power Company 
affords a considerable leakage. The lines of the North Carolina 
Power Company parallel those of the Weaver Power Company, 
and are also equipped with an insulator on which the leakage 
is negligible. 

With the exception of a few potential transformers destroyed 
when the plant first started, and the above trouble, the Weaver 
company has been practically safe from lightning troubles, 
while the other two concerns have experienced not a little in- 
convenience and loss. In view of these circumstances it would 
seem not an unreasonable conclusion that a slight leakage 
distributed over an entire distribution system affords consider- 
able protection against static discharges, and that occasionally 
by the merest accident a condition of this kind 15 obtained. 

Where violent discharges have passed over the arresters in 
the Weaver Power Company’s station in every case that was 
investigated it was found that such discharges had occurred 
immediately before rain started to fall, and that once the in- 
sulators, arms, and poles were wet the discharges became less 
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frequent and less severe, a fact that in the author’s opinion 
tends to confirm the above theory. 

In justice to the manufacturers of the insulators, it should 
be stated that the existence of leakage on the particular type 
is no reflection on the quality, for they are in every respect emi- 
nently satisfactory, but is due to the use of a type scarcely large 
enough for the service. 
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А paper presented at the 323rd. Meeting of the 
American Institute of Electrical Engineers, 
New York, December 18, 1907. 
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THE RATIO OF HEATING SURFACE TO GRATE SUR- 
FACE AS A FACTOR IN POWER PLANT DESIGN 


BY WALTER S. FINLAY, JR. 


. Power plant design, in its modern development, is controlled 
solely by the specific application of general laws modified and 
moulded to suit special requirements. То attempt the con- 
struction of a comprehensive ruling from the results of a par- 
ticular line of investigation in some particular plant, and then 
to advise the general use of such ruling as conducive to econom- 
ical operation, would cause confusion, possibly resulting in a 
wholesale rejection of the good with the bad. However, the 
value of specific results and their publication lie in the opening 
up of a line of technical thought, or in adding information to 
some subject, from which specific deductions or particular ap- 
plication may be made. 

The results obtained in the investigation which was primarily 
the foundation of this paper, should be looked upon merely as 
specific, but whose bearing upon the general subject by means 
of a general development, may be of value, particularly in . 
certain new phases of plant design. 

As a fundamental and almost initial point of attack in the 
comprehensive subject of steam power-plant design, the ratio, 


heating surface 
grate surface 


has been a value fixed from the beginning of results of com- 

mercial usage, and the expression of the same in empyrical 

formulas or figures suited to the requirements of this or that 
designer, builder, or manufacturer. 

А summation of practice from early engineering times to 
1693 
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values developed by the most modern idea, gives a great range 
to this ratio; namely, from the extreme value as advised by 
Dalton in 1839 of ten to one, to modern values up to seventy 
to one used, not only in locomotive, but even in power-plant 
practice. Of course the primary object in view has already 
been the adaptation of values to produce the maximum useful 
effect; but the question now arises as to whether or not, '' max- 
imum useful effect " is not being interpreted as maximum eco- 
nomical efficiency with reference to fuel only, as a primary 
consideration, and with an undue subordination of total plant 
costs. By total plant costs are meant, of course, the combined 
fixed charges resulting from interest on plant investment, de- 
preciation, taxes, etc., and operation and maintenance charges. 

Properly to investigate the subject in its particular applica- 
tions would require an extremely tedious and complicated 
study of innumerable individual requirements; but for a general 
survey assumptions based upon commonly accepted values will 
suffice to direct the attention to the point involved. 

Assuming a plant first cost of $125.00 per kilowatt; equip- 
ment, including turbo-generators, boilers equipped with stokers, 
with, say, sixty to one ratio, the following relative costs may 
be assumed : 


Total cost per kilowatt............. $125.00 100 % 
Building “ t Terre ee 43.75 35 % 
Boilers . PY Om 6.875 5.5 % 
Grates S E E RO d 1.75 1.4 % 
Piping : MEC CR УГЕ 5.625 4.5% 
Coal-handling apparatus per kilowatt..... 2.30 1.84% 
Balance of equipment.................. 64.70 


The value of the building as assumed might be considered 
low, particularly in the case of a turbine plant; boiler cost is 
possibly average; grates high—a stoker valuation; piping value 
is about average. | 

Assuming as.a fair value for determining fixed charges: 
interest on investment, 595; depreciation, 6%; taxes and in- 
surance, 195, then the total fixed-charge rate would equal 12%. 

Upon bases of load-factor and charges, a curve has been 
drawn showing the relative value of the fixed charges over a 
range of factor variation from approximately 3% to 100%, 
in the case of the plant as assumed. (Curve A, Fig. 1.) 

To determine total charges, the variation of maintenance and 
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operation charges, relative to load-factor, must also be con- 
sidered. It is rather difficult to assume this curve, as condi- 
tions in this respect vary rather widely. However, Curve С, | 
Fig. 1, has been drawn through points located by comparative 
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results obtained in actual cases of operation. The shape of 
the curve will practically be constant for any figure which 
may be assumed, and its relation to the general results will be 
such that the value of the principle involved will be unaffected. 
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The sum of the ordinates between the two curves gives total 


charges per kilowatt-hour. 
In a reconsideration of the plant design as affecting first 
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cost, the natural method of procedure is to consider separately 
each item involved. 
1. Building. In turbo-generator plant design, it is a gen- 
aly accepted rule that total plant dimensions are controlled 
by boiler-room dimensions; that, for instance, a diminution in 
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the actual size of the boiler room may be accompanied by a 
proportional diminution in the size of the turbine-room, the 
output remaining the same. The methods of accomplishing 
such results are perhaps various; change in size of units, differ- 
ence in type, closer grouping of units, etc. 

2. Bowlers. The consideration of this feature is naturally 
interlinked with the subject of “ Grates " and the two can 
better be discussed together. | : 

Rules of boiler-practice have been derived chiefly, if not 
entirely, by experiment and investigation; and those rules 
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validated опу by general acceptance сап be quoted as bases 
for argument. Such a law is the following one: 

All other conditions remaining constant, capacity developed 
is, with slight modifications, in direct ratio to the area of the 
active grate surface. An increase in capacity-—heating surface 
remaining constant—caused by an increase in grate area, is ac- 
companied bv a loss in economical evaporation, due to the in- 
creased temperature of the escaping gases. 

This loss in economy 1s the fundamental factor which must 
necessarily be the object of a careful study, involving the com- 
plete investigation of the heat interchanges taking place in a 
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boiler. The research work of such men as Newton, Péclet, 
Joule, and Rankine, together with recent investigation, has 
not, as yet, produced sufficiently definite and authoritative 
results, which may be used as bases of rational calculation in 
this regard. Under normal conditions of present boiler-practice, 
estimates of loss vary from practically zero to as much as 15% 
fuel economy for an increase of 100% in boiler capacity. 

* Lately, however, the opinion has been advanced that con- 
siderable increase in capacity can, without great sacrifice in 
economy, be obtained by proportional increase in grate area. 
This idea is based upon the possibility that combustion. and 
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heat distribution and transfer could be much improved under 
the new conditions, when in increasing the grate area careful 
attention is given to details of design most conducive to these 
features. Other conditions being favorable, and with a belief 
in the correctness of this theory, a change was made in the 
design of eighteen of the boiler furnaces in the Fifty-ninth street 
plant of the Interborough Rapid Transit Company. See Fig. 7. 
Such a design gave the possibility of operating within the range 
of the original single-stoker boiler together with the higher 
range of the double stoker. 

The second stoker installed; that is, the one beneath the 
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mud-drum as shown in Fig. 7, has an area of 80€4 of that of the 
orginal stoker. Certain features in the construction of the 
plant prevented installation of a larger size. А detailed de- 
scription of points in the design are unnecessary, save to call 
attention to the fact that the lower stoker is constructed prac- 
tically within a so-called ' Dutch oven " and whatever is con- 
ducive to good combustion is provided for therein. The curve 
shown on Fig. 8 is given as corroborating this fact. Opera- 
tion of these stokers has shown that such is practically done with 
but little more complication than existed in the single type. 

" Tests to determine the comparative economical operation of 
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the double and single stokers show results as given graphically 
in Figs. 3, 4, 5, and 6. The curves in Figs. 3 and 4 are self- 
explanatory. Fig. 5 shows a curve plotted upon the values as 
determined by curves in Fig. 4, this curve being indicative of 
the fact that operation with the double type was as economical 
in fuel values, as the single type increased in boiler capacity 
approximately seventy-one per cent. In the curves in Fig. 6 
is shown the fact that the economical loss for an increase in 
rating of 80%, as proportioned to the increase in grate area, 
varied between two and three per cent. 

To summarize the results of these tests. It has been made 
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evident that in this particular case double-stoker operation 
covers the entire range of single-stoker operation and adds an 
increase of capacity proportionate to its larger grate surface 
with but slight loss in economy; and that the increase of 71% 
in capacity was accomplished with no loss in economy. 

With these results as a basis, let it be assumed that boiler 
capacity is increased in ratio to increase in grate surface with 
but little loss of economy. This view might be further streng- 
thened when consideration is taken of the possibilities of econo- 
mizer practice, the increase in saving, bv proper design, being 
high in ratio to extra cost involved. . 
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To return to the consideration of the items under the power 
plant whose first cost has been assumed to be $125.00 per 
kilowatt, the next point is: 

Piping. In the case involved, the cost of steam piping be- 
tween boilers and manifolds, plus boiler-feed piping, plus 
boiler blow-down piping, has alone been considered. With 
any change in number of boilers, capacity remaining the same, 
the cost of piping will vary in the same ratio times a factor 
due to change in size of pipe. 

Coal-handling apparatus. Fixed plant capacity would seem 
to demand fixed cost of coal-handling apparatus, but the pro- 
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portionate value of the conveying apparatus is so large that 
when any change is made affecting the length of carry the 
total system cost will be raised or lowered, although not in 
direct ratio to such change. 
Effect of change of ratio: 
heating surface 
grate surface 


Suppose that in a reconsideration of the plant design, it is 
decided to cut in half the ratio of heating surface to grate 
surface by the use of double grates or stokers under boilers of 
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the same rating. Plant output is to remain the same. A 
tabulation of the costs as revised would be as follows: 


Per kilowatt 


Building (reduced 40%))...................... $26.25 
Boilers (reduced 509)....................... 3.438 
Stokers (remain ѕате)....................... 1.75 
Piping (reduced 40%)....................... 3.735 
Coal-handling apparatus (reduced 15%)....... 1.955 
Balance (remains ѕате)...................... 64.70 


$101.468 
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А curve (B Fig, 1) is plotted upon this new basis. 

summation: Plant first cost and fixed charges, each reduced 
19.6%. 

The next consideration is that of the effect of such changes 
upon plant maintenance and operation charges. Properly to 
discuss this, the following tabulation based upon! the figures 
given by Mr. Н. G. Stott in his paper on “ Power Plant Eco- 
nomics ” will furnish a means of comparison: 


Maintenance: Single grate Double grate 
Engine room mechanical............... 0.64% 0.64% 
Boiler TOOID- x Ep ear А 5.40- (16%) = 4.54 
Coal- and ash- d п ОРОС 0.68 0.68 
Electrical apparatus.......... ‚.....1.41 1.41 

Орегайоп. 

Coal- and ash-handling labor........... 2.65 2.65 
Removal of аѕһеѕ..................... 1.18 1.18 
Dock теп ауыз ке кыы еи a ee Hala 0.93 0.93 
Boiler-room Іабог..................... 8.38- (18.5%) = 6.83 
Boiler-room oil, waste, etc...... ...... 0.21 0.21 
Coal s aces uid eei e Bae 71.94+ (39) = 74.10 
МАТ а аа A oua 0.90 0.90 
Engine-room mechanical labor..........1.70 1.70 
Lobia om атон аа wc Ede 0.44 0.44 
Waste etes ios Ea EE EEE Г ГГ 0.38 0.38 
Electrical labor ъа Sena аан я 3.16 3.16 
Toti cae eden ae hee E E a die 100.00% 99.75% 


The saving in boiler room maintenance and operation may 
be accounted for in the following itemized statement of boiler- 
room charges: 


Maintenance. Cost 
Single grate Double grate 

Ө ОКУЛ ЛКК ГЕК О SUNERRBULUUS 14.75% 
EconomizefSv..-u рве оњан 2:78 2.78 
Puürndces dos eS рын P RES 17.29 17.29 
Stokers and stoker engines ............ 40.68 40.68 
Boiler їееа-ритрѕ..................... 5.42 5.42 
Boiler Їеей-рїрїпр..................... 2.20 1.10 
Boiler blow-off ріріпе................. 0.44 0.44 
Water supply рїрїпр.................. 1:52 1.32 

TOt4l s usn da oa wee tao Se Roe edi ТГ 100.00% 83.089, 

Operation. 
М/асег- сепа егег enri derete si REESE ШО Qe . 10.41 
Stoker Operators гьар taito veda 38.09 38:09 
Assistant stoker operators..............15.49 15.49 


Stoker оегв.......................... 2.54 2.54 
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Economizer oilers and cleaners......... . 5.84 2.92 
Boiler feed-pump men................. 5.08 5.08 
Boiler сІеапетгѕЅ........................ 10.41 5.21 
Miscellaneous labor.................... 1.78 1.73 
OA ss ca at ek nie xh t dus ades 100.00% 81.47% 


Thus with changes as noted, the decrease in maintenance and 
operation would be 0.25%, the curve for same practically coin- 
ciding with Curve C, Fig. 1. 

A second set of curves based upon a plant cost of $150.00 
per kilowatt as shown in Fig. 2. 


Plant cost per КїЇо\ха{&........................$150.00 100% 
Bulldiüg Lov e раа Pads d ОРВИ 00.00 40 
BOHer3)23 x ооа ое А 8.25 5.5 
StOK el uiia meaa e eE E i p A 2.25 1.5 
ЕРЕ "m 6.75 4.5 
Coal-handling аррагаїц<....................... 2.63 1.75 
Balance es sioner nET NEO i DAMA 70.12 

Same plant double stoker. 
Building (reduced 406)................... $36.00 
Boilers (reduced. 00925). . somos y tesa ee 4.18 
Stokers (remain ѕате).................... 2.25 
Piping (reduced 40%,)................... 4.05 
Coal-handling apparatus (reduced 15%,)................... 2.24 
Balane t oo е eder ted d e bo Se e et bt 70.12 

Оаа ated ооа ел sucus ЕКО oar pa еа d desees 118.79 
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Showing a reduction in first cost and fixed charges of 20.8% 

Summary. In the case of the $125.00 plant, the following 
savings might be effected by use of double grate: 

First cost, 19.6% saving. 

Total plant charges varying from a saving of 5.64% at 100% 
load-factor to 7.54% at 50% factor to 9.65% at 4.16% factor 
(365 hours per year). 

In the case of the $150.00 plant, 

First cost, 20.895 saving. 

Total plant charges vary from about 7.06% saving at 100% 
load-factor, to 9.26% at 50%, factor to 11.51 at 4.16% factor. 

Thus summarized, the remarkable effect that the grate area 
and heating surface ratio, when furnace design 1s carefully con- 
sidered, may have upon plant first cost and total annual costs, 
should certainly place this particular feature well up in the list 
of subjects for careful investigation, and make it a point of 
primary and fundamental consideration in advanced design. 


1704 . HIGH-POTENTIAL TRANSMISSIONS (Jan. 31 


DiscussioN ON ' LINE CONSTANTS AND ABNORMAL VOLTAGES 
AND CURRENTS IN HIGH-POTENTIAL TRANSMISSIONS ”' 
(Subject to final revision for the Transactions). 


Frank G. Baum (by letter): The writer gave approximate 
rules for determining the rise in voltage, due to interrupting 
а given current, et a meeting of the Pacific Coast Transmission 
Association in 1902 and before the Electrical Congress at 
St. Louis in 1904. The rule given was, 


E = 2001 


where 7 is the actual value of the current in amperes at the 
time of interruption. This does not exactly agree with the 
rule given by Mr. Berg. The important fact shown is that the 
higher the voltage the smaller the excessive strains due to 
switching, etc. The approximate rule will undoubtedly explain - 
many things happening on lower voltage systems that are 
charged to lightning, etc. 

Surges or resonance occur in any transmission system inde- 
pendently of how the transformers are connected. The state- 
ment that certain transformer connections eliminaté resonance 
should be qualified, as it is liable to be wronglv interpreted. 
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DiscussioN ON “THE GROUNDED NEUTRAL," AT NEW YORK, 
OcTOBER 11, 1907 | 


(Subject to final revision for the Transactions.) 


Peter Junkersfeld: In November, 1900, the Commonwealth 
Electric Company of Chicago in one portion of its territory put 
into commercial service the first extensive system of four-wire, 
three-phase distribution at 4000-2300 volts. This 60-cycle 
system, was soon installed in all the company’s outlying and 
suburban territory, and has since grown to such an extent that 
the total length of three-phase or equivalent line of feeders 
to-day aggregates 525 miles, of which 55 miles is underground, 
the remainder overhead. The neutral of this 60-cycle system 
has always been connected solidly to ground. 

In May, 1902, the Chicago Edison Company raised the volt- 
age of its three-phase, 25-cycle transmission system from 4500 
to 9000 volts, and put into service its first star-wound generator 
delivering 9000 volts directly to the bus-bars without step-up 
transformers. This system now aggregates 270 miles of three- 
conductor cable and is practically all underground, only nine 
miles being overhead. The neutral of this 25-cycle system has 
been connected to ground from the beginning. During the last 
year a part of this svstem has, however, been connected to 
ground through resistances. The remainder of the system 
during the last year and all of the system during the previous 
four years has been connected solidly to ground. 

In June, 1907, the Chicago Edison Company put into com- 
mercial service its first 25-cycle underground line operating 
at 20,000 volts. The transformers were connected in delta at 
the receiving end and in star at the sending end. The neutral 
at the latter is connected solidly to ground. 

The two companies mentioned above have recently been 
consolidated into the Commonwealth Edison Company, which 
thus operates a total of about 800 miles of three-phase overhead 
and underground lines at pressures of 4,000, 9,000, and 20,000 
volts in the various zones and for different purposes, but on 
all of which the neutral either with or without a resistance is 
connected to ground. The experience in operating high-ten- 
sion systems with the neutral grounded has, therefore, been 
considerable, and the engineering policy on this matter has 
been definite for several years. The experience, however, in 
grounding the neutral through a resistance is still somewhat 
limited. The various steps in this experience and development, 
and some of the reasons, with the conditions now existing, may 
be of interest in this discussion. 

The 4,000—-2,300-volt, four-wire, three-phase system of dis- 
tribution in the outlying and suburban sections permits standard 
2080 to 115-230-volt line transformers, thus giving a single- 
phase, three-wire lighting and small power service at 115-230 
volts. It was felt that such a system of distribution would be 
unstable and would permit annoying and serious voltage fluc- 
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tuations if the neutral of the primary system were not grounded. 
After considerable discussion the neutral was finally grounded, 
under the writer's direction, just before the first four-wire, 
three-phase circuit or feeder was put into service. 

Among those who at that time (November, 1900) argued 
most strongly against the grounding of the neutral but who 
later, after making some experiments, became one of the most 
ardent advocates, was Mr. George N. Eastman, who, early in 
1901, had occasion to make certain tests which led to a series 
of very careful investigations at a time when accurate informa- 
tion on this subject was very meagre. Some of the results of 
these investigations were presented by him in a paper before 
the Boston convention of the National Electric Light Asso- 
ciation in May, 1904. These investigations, with the first 
few years of actual experience, practically fixed the engineer- 
ing practice on this particular matter in the two Chicago 
central station companies, who have, since 1900, continued to 
develop their three-phase transmission svstems with the neutral 
grounded. 

We have no direct comparative experience with an un- 
grounded system under exactly similar conditions. The re- 
sults from this grounded svstem have, however, been very satis- 
factory. There have been practically no underground cable 
burn-outs on this 60-cycle system, and comparatively little 
trouble on pot-heads or on the other overhead construction. 
The total number of transformer burn-outs from all causes, 
including lightning, overloading, and defects in the apparatus, 
during the last two years, has been about 1.4%, and 1.2% of 
the total number of line transformers in service. The per- 
centage expressed in kilowatt capacity connected has thus far 
been even less. Similar, four-wire, three-phase svstems with 
grounded neutral have during the last few vears been installed 
in so manv cities of the country that this practice has become 
quite well known. The grounding of the neutral on three-phase 
svstems for general distribution has also become very common, 
at least in parts of Europe. 

The 9,000-volt, 25-cycle transmission system in Chicago 15 
used exclusively for transmission to sub-stations, not for 
general distribution. With. the exception of a few induction 
motor driven exciters, all equipment consists of synchronous 
converters or synchronous motor-gencrators. 

The present total continuous capacity of the two principal 
and two subsidiary generating stations is about 110,000 kw. 
The neutral of the 25-cvcle, 9,000-volt system 15, however, 
grounded directly only in the Harrison street and the Fisk 
street stations. The latter at present contains ten. turbo- 
generator units, the first four of which were originally rated 
at 5,000 kw. and the last six at 9,000 kw. each, with the usual 
overload guarantee. The transmission lines from the two 
stations are operated normally as "radial" systems; that is, 
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outgoing lines are independent of each other and are not tied 
together at the sub-station ends. 

The neutral of this system was connected solidly to ground 
in May, 1902, when the first 9,000-volt generators were started 
at the Harrison street station. Since the Fisk street station 
was put in service, the transmission system has at times been 
operated all їп multiple; at the other times, sectionalized. 
In the latter case each part or section of the svstem had a 
grounded neutral so as to avoid having two non-synchronous 
sections without a grounded neutral on each. At present, and 
during a large part of the last year, the entire 25-cvcle system 
has been operated in two approximately equal sections, desig- 
nated ''System A" and ' System B." Previously to this 
time the Fisk street station contained but four turbo-generator 
units, to which have since been added six units of a larger 
type with slightly different characteristics. Partly for this 
reason, and partly for the reason that with the rapidly increasing 
generating capacity it might be well to limit, in case of acci- 
dents, the possible flow of current to ground, there was installed 
a 0.5-ohm resistance between the neutral of each of the four new 
generators and ground. The four older generators are left 
with the neutral grounded solidly on each. Normally, the two 
sets of generators are operated on separate sections of the 
system, one of which was thus operated with, and the other 
without, a resistance in the neutral. 

During the previous four years, or since May, 1902, the 
neutral had always been grounded solidly, and with satis- 
factory results. In case of a cable breakdown between con- 
ductors and ground, each cable was usually disconnected from 
the bus-bars by the overhead relays and oil-switch before the 
remaining two conductors became involved, thus permitting a 
quick and accurate location test by the Murray loop method. 
As the generating capacity of the system increased, and as it 
became necessary to have heavier overload and longer time- 
limit setting of relays on outgoing lines, the destructive effects 
of cable breakdowns have apparently been somewhat greater, 
although this may be due in part to the very heavy setting of 
relays. This indicated the desirability of limiting in some 
manner the current flow in case of accidents to decrease the 
destructive effects. It was also desirable to secure some com- 
parative data on this matter of resistance or no resistance. 

Four possibilities naturally presented themselves: 1, the design 
of generators with a lower short-circuit current; 2, grounding 
the neutral on only one of the groups of generators running in 
parallel, leaving the neutral open on the remainder so as to 
limit the flow of current to ground to the short-circuit current 
of the one generator; 3, the introduction of one large resistance 
between the neutral bus-bar from a group of generators and 
ground; 4, the introduction of a separate resistance between 
the neutral of each generator and ground. Partly for reasons 
previously stated, the latter method was adopted. 
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Both of the first two methods mean holding the neutral 
where it belongs, while both of the last two methods will cause 
displacement of the neutral with attendant rises in potential, as 
has been pointed out in Mr. Lincoln's paper. 

In four cases of trouble, each affecting from 10 to 30% of 
the total service at the time, during the two years before the 
installation of resistances, and during the one year since, the 
effects might or might not have been modified if the neutral had 
been grounded with instead of without a resistance. In all the 
other cases of trouble during this period, and in most of the 
cases during the three years previously, the use of a resistance 
in the neutral would probably not have effected any improve- 
ment. In most instances the overload relays on feeder oil- 
switches were set at 10095 overload for six seconds, although 
in some cases they were set at 100%, for three seconds. The 
generator switches are all non-automatic and are opened only 
by the switchboard operator. 


During the last five and one-half years, even after eliminating 
all cases of trouble which have no bearing on this subject of 
the grounded neutral, in addition to the four serious cases above 
mentioned, there have been quite a number of minor cases 
which have a strong bearing on the matter of the grounded neutral. 
Especially is this true of cable troubles which, during the last 
three years, have averaged only two cases per one hundred miles 
per year. This includes all troubles on 9,000-volt cables from 
known or unknown causes, except those due to external injury 
to the lead sheaths. 


Notwithstanding these results, we have started some inves- 
tigations with the oscillograph, and have also installed for pur- 
poses of observation some spark-gaps at different points on 
the system, all with special reference to securing more accurate 
information for guidance in the development of the 20,000-volt 
underground system into suburban districts. These investiga- 
tions have not yet progressed sufficiently to afford much definite 
information. There are some indications that in the Fisk street 
station the spark gap when set for 100% above normal, dis- 
charges occasionally when the oil-switch on the distance sub- 
station end of the line is opened. This instantaneous rise of 
potential occurs even with the neutral grounded, and may be 
due to the stored energy of the line. We have thus far not been 
able to find rises of potential coincident with any other switching 
or other operation. 


Our investigation and experience with one svstem for five 
years, and another system for seven years, leads us to believe, 
that between operating with the neutral grounded or not 
grounded under our conditions, the grounding of the neutral 
is the better policy. As to whether or not any additional 
benefits would be secured by grounding the neutral through 
a resistance, we fcel that our experience is still too limited. 
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Philip Torchio: The papers presented by Mr. Rliodes and 
Mr. Clark give the experience of two moderately high voltage 
systems operated with grounded neutral. I shall contribute 
to their discussion the experience of the New York Edison 
Company's system which is also operated at moderately high 
voltage, but without grounded neutral. This comparison is 
not offered in a spirit of criticism of the admirable work de- 
scribed by Mr. Rhodes and Mr. Clark, but as an expression of 
opinion of those who have not yet found enough evidence of 
either the desirability or the necessity of grounding the neutral 
of 6600-volt, high-tension systems operated underground. 

The Edison system operates at 6600 volts, three-phase, 25 
cycles. The cables are mostly paper insulated, with ij in. 
insulation between conductors and 43 in. between each con- 
ductor and ground. The feeders are operated on the radial 
system, not connected in multiple at the sub-stations. The 
system was started in 1898 with about three miles of high- 
tension cable, and grew steadily from year to year to the present 
system of about 200 miles. During the nine years’ operation 
we have had 66 cable troubles of all kinds; of these, 32 developed 
during operation, and 34 were found either by the periodic in- 
sulation test or by inspection of the routes. 

Table I gives a summary of all kinds of troubles divided into 
three classifications. In the first column are the operating 
troubles proper, cable troubles manifested during operation of 
the system; in the second column are cable troubles manifested 
when the cables were out of service, by periodic or special in- 
sulation test; the third column shows defective cable troubles 
found by visual inspection by the line inspectors. It must be 
noticed that the Edison Company’s high-tension cables are dis- 
tributed over all the city, where a lot of underground work has 
been done, causing a lot of interference and damage to the 
cable line. The table shows that there have been, in nine years, 
32 operating cable troubles, 14 of which were due to mechanical 
injury. The majority of the troubles in the rest of the cases 
were in splices due to defective installation, etc. 

If we eliminate the 14 troubles due to mechanical injury, and 
make allowance for the great amount of interference attendant 
to the subway conditions under which the New York Edison 
Company operates, we see that the number of troubles per mile 
of cable per year compares favorably with Mr. Rhodes’ figures 
for the Interborough system. As to the extent of trouble caused 
by the cable burn-outs, in no case was the cable subway damage 
more than nominally. 

. We have been fortunate up to now in not having a severe 
blowing up of the subway cables, as mentioned by Mr. Rhodes. 
In one instance only the cable short-circuit was so severe as to 
overtax one of the old circuit-breakers—not of standard make— 
which caused a shutdown of the generating station. The short- 
circuit was caused by the driving of a pick into one high-tension 
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CLASSIFICATION OP ALL HiGH-TENSION CABLE FAULTS POR THE Psriop BETWEEN 
NOVEMBER 14, 1898, AND OCTOBER 8, 1907, INCLUSIVE 


Mani.ested bv opening of 
circuit- breakers during 
operation 


Manifested by low 
insulation test 


Reported by line 
inspectors 


rer mm I — —— 


1. In splice 


2. Nail driven into cable 
(extraneous injury) 


3. In sharp bend in man- 
hole 


4. In damaged sleeve (ex- 
traneous injury, cause un- 
known) 


' 5. In bend in small man- 
hole 


6. Wet end of cable (ex- 


splice 


6. Moisture in old rubbei 


traneous injury due to water|<cplice 


leak) 
7. In splice 


‚8. In bend (extraneous in- 
jury) 


9. In bend—defective 


10. In cable (possibly ex- 
traneous) 


11. In splice 


12. Drill forced through tile 
duct into cable (extraneous 
injury) 


13. In splice (extraneous 
injury) 


14. In splice (extraneaus 
injury due to water leak) 


"35. In cable 


16. In splice 


17. In cable 


18. In splice 


_ 19. In cable (extraneous in- 
jury) 


20. Crowbar driven into 


cable (extraneous injury) 


91. Puncture in straight 
scction of cable (connected 
with station trouble) 


7. Moisture in old rubbe: 


cable 


8. Nail driven into top con- 


. In splice 


In splice 


In splice 


5: Moisture. йит. old. nibber 


(extraneous injury) 


ductor (extraneous injury) 


9. 


10. 


11. 


13. 


14. 


In cable (steam leak) 


In splice (steam leak) 


In defective splice 


. In cable (steam leak) 


At splice end 


At splice 


1. игеп in manhole bv 
arc cable burn-out 


2. Nail into cable 


3. Damaged in manhole by 
alternating-current — hghtir.k 
cables burn-out 


4. In cable (steam exhaust)| 4. In cable (extraneous in- 


jury) 


5. Damaged by outside par 
ties doing subway work 


_ 6. Damaged by outside par 
ties doing subway work 


_ 7. Damaged by outside par 
ties doing subway work 


8. Burn-out Fortieth street 
manhole, injury from adja- 
cent cables 


. 9. Armor damaged һу ad- 
Jacent burning cables 


‚ 10. Armor damaged by ad- 
jacent alternating current 
burning cables 
‚11. Armor damaged by ad- 
jacent burning cables 
. 12. Armor damaged by ad- 
jacent burning cables 


13. In cable. damaged by 
adjacent burning cables 


. 14. Splice damaged by ad- 
jacent burning cables 


5. Punctured splice prob- 
ably due to surges 


16. Damaged by outside 
parties doing subway work 


17. Damaged by adjacent 
burning cables 


18. Damaged by outside 
parties doing subway work 


19. Damaged by outside 
parties doing subway work 


20. Damaged while doing 
excavation work 
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Manifested by opening of 
circuit-breakers during Manifested by low Reported by line 
operation insulation test inspectors 
22. Ground detector acted 
in conjunction. Drill forced 
through tile duct into cable 
(extraneous injury) 


23. Ground detector acted 
in conjunction. Moisture in 
straight cable due to extrane- 
ous injury 


24. Ground detector acted 
in conjunction. Moisture in 
straight cable due to extrane- 
ous injury) 


25. Defective splice 
26. In easy bend in cable 


—connected with station 
trouble 


27. Defective splice 


28. Burns and mechanical 
injury to cable 


29. Damaged by adjacent 
burning low-tension cables 


30. Ground detector acted 
in conjunction. Deiective ca- 
bie in duct 
31. Defective splice con- 
nected with operating trouble 


32. Ground detector acted 
in conjunction. In straight 
cable—connected with station 


trouble 
14 Mechanical injury 5 Mechanical injury 19 Mechanical injurv 
8 At or in splice 9 At or in splice 1 At or in splice 
4 In bends in manholes 
6 In cables 
32 Total 14 Total 20 Total 


RECAPITULATION 
38 Mechanical injuries 
18 At. or in splices 
4 In bends 
6 In cables 


66 Grand total. 


cable in proximity to the generating station. In other cases 
the relays and oil-switches cleared the short-circuited cable 
without affecting appreciably the bus-bar voltage. 

Mainly on account of the large storage-batteries on the low- 
tension system, the effects of cable troubles have been consider- 
ably minimized. For the last three years all the cable troub- 
les lowered the distributing voltage an average of 5% for 45% 
of the total system load with a total elapsed time of reduced 
pressure of 2.5 minutes. I omit other data corroborative of the 
general good results of the operation of this system and its 
freedom from violent disturbances due to cable burn-outs. 
Furthermore, in every instance when we had a burn-out or dis- 
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turbance of any kind, we fully investigated all attendant cir- 
cumstances and tried to figure out how the results might have 
been modified by having the neutral grounded. In no case of 
cable burn-outs did we find that the results might have been 
sensibly improved by the presence of the grounded neutral. 
On the other hand, station and sub-station troubles, which are 
usually minor but considerably more numerous than cable 
troubles, would in some cases have been made very serious by 
the presence of the grounded neutral. In the papers presented 
by Messrs. Rhodes and Clark no mention is made of these troub- 
les inside the stations. But I think that they have an impor- 
tant bearing on the subject, and in most of the plants would 
weigh very heavily against the adoption of a grounded neutral 
without resistance, or with low resistance allowing ground 
currents considerably in excess of the condenser capacity cur- 
rent of the system. 

Aside from these practical experiences, there 1s the theoretical 
side of the matter, which has been very ably treated bv several 
prominent engineers in this country and abroad.* But un- 
fortunately we know very little of the direct bearing of the 
theories applied to the operation of the underground svstems 
now under consideration. And in this connection I want to 
make clear that none of the experiences with grounded neutral 
given here to-night claims that the grounded neutral, per se, 
will prevent violent surges on the system when under the provo- 
cation of a heavy two-wire short-circuit; that is, the grounded 
neutral has been made to assist in making the operation of 
certain mechanical relays and switches reasonably more positive 
than they would otherwise be. If for any reason a heavy 
two-wire short-circuit takes place, the presence of the grounded 
neutral is ineffective to change the results from those that 
would take place if the neutral were not grounded.  Further- 
more, by grounding the neutral without resistance, a dead 
short-circuit occurs on a cable every time the insulation 
resistance of the cable 15 reduced enough to let an appreciable 
amount of current pass to ground, while without a grounded 
neutral the operator might have time to disconnect the de- 
fective cable from the system before the ground had developed 
into a short-circuit. Now, the elapsed time between the be- 
ginning of the deterioration of the insulation around one con- 
ductor and its final dead grounding is usually very long. It 
may be several minutes, or hours, or davs. 


* Steinmetz, American Institute Electrical Er gipeers, 1901; Kennelly, 
Electrical World and Engineer, 1901; J. D. Nies, Electrical World and 
Engineer, 1902; Thomas, American Institute Electrical Er gineers, 1902; 
G. N. Eastman, Western Electrician, 1903; G. H. Eastman, Electrical 
Congress, 1904; David, Societe. Int. des Electriciens, 1904; Blondel, 
Societe Int. des Electriciens, 1905; Brvlinski, Scciete Int. Jes Electriciens, 
1905; Steinmetz, American Institute Electrical Er gineers, 1905; Thomas, 
Airerican Institute Electrical Engineers, 1905; Patchell, Institution of 
Electrical Engineers, 1905-1906. 
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The speaker and Mr. T. W. Varley have taken advantage of 
this fact and have developed a device now being applied to the 
New York Edison system by which it 1s expected to obtain all 
the advantages of selecting and disconnecting the defective 
cable considerably before the condition of a dead ground is 
reached. The device can be operated on a system with or 
without grounded neutral. The device takes advantage of 
the unbalance of condenser capagity current on the cable 
system when the insulation of any conductor begins to deterio- 
rate. 

In Mr. Lincoln's paper there 15 shown very clearly the con- 
dition of an electrostatically balanced system, when there is 
no faulty insulation to ground; a similar diagram in Fig. 1, 


The time e/apeed in те reaper igs O ры ag Altea dart TO Maid /8 nof 
«е/м Hnown фа? undoubtedly /8 comparatively long, extending fo several minutes 
ond possibly houra or days. 


PLATE I 


Plate 1, shows approximately the amount of capacity current 
between conductors, and the condenser current between each 
conductor and ground. The sum of these condenser currents 
under normal conditions is zero. If the insulation resistance 
to ground begins to get lower, and an appreciably small amount 
of current flows between one conductor and ground, there will 
be an electrostatic disturbance that will cause the ditferent 
amounts of condenser current to varv proportionatelv to the 
discharge from the conductor to ground as shown in Fig. 2. 
It should be noted that the sum of the condenser currents is 
greater than zero, and the amount of unbalanced current would 
now have to find another path to the bus-bars, and that path 
is through earth. 
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Fig. 3 shows the same condition as Fig. 2, but the resistance 
to ground is still lower, almost a short-circuit of conductor to 
ground. Fig. 4 shows the condition of a dead ground, as when 
all the capacity current of one conductor is discharged to ground. 

Referring to Plate II, the device consists of a current trans- 


LEAD SHEATHING 
TRANS FORMER 


үү! T 


PLATE II 


former applied to the lead sheath of each feeder. The secondary 
of the transformer is connected by means of a condenser to a 
relay, which is intended to operate either the circuit-breaker 
or a signal similar to a telephone drop relay of standard make, 
as desired. This plate shows how the transformers are applied. 


чє = ы. _ 
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On each feeder we are putting on three of these transformers; 
they are about 6 in. long, and cover about 18 or 20 in. of the 
cable. 

In Plate III are indicated a set of three-phase bus-bars and 
four high-tension feeders. The feeders can be extended to any 


Ü ‘REPRESENTING THE 
|j CONDENSER acrion 


— NORMAL CONDITIONS. — 


— UNBALANCED CONDITIONS. — 


Рт,АТЕ III 


number. The circles indicate diagrammatically the cable, and 
the segments of circles inside indicate the capacity current to 
ground of each conductor; and they are made equal, which 
indicates that the capacity currents in each cable are balanced 
and no current flows through the earth. The conditions of un- 
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balanced capacity current as illustrated in Plate I, Figs. 2, 
3, and 4 are covered by the arrangement of the devices 
shown їп Plate III. When there is a dead ground, the con- 
denser current of that wire disappears and the condenser current 
of the other two wires has grown to twice the size. The return 
for these unbalanced currents is shown by the arrows via earth 
to the faulty insulation and the grounded conductor of the 
defective feeder which takes the unbalanced current of all the 
other feeders on the svstem. Ву applying the relay in prox- 
imity to the bus-bars, we detect the sum of the unbalancing of 
al the feeders. By this means we expect to detect trouble 
long in advance of the short-circuiting of the feeder which is 
going to be in trouble, and give plenty of time to the operator, 
to disconnect it from the svstem. This relay can be operated 
as well on an ungrounded system as on a grounded system; 
and even with the grounded system I think it will be a valuable 
auxiliarv, especially if the grounded neutral is made through a 
high resistance limiting the. ground. current to a few amperes 
(in the order of the condenser capacity current of the system 
to ground) sufficient to discharge the cumulative electrostatic 
charges, and also hold the ground current as soon as the insula- 
tion at any point of the system lowers sufficiently to allow an 
appreciable flow of cuirent. 

N. J. Neall: I have chosen for mv part of the subject a few 
comments on the effect of grounding the neutral with or without 
resistance, from the lightning protective apparatus standpoint. 
Ап analvsis of the papers presented to-night shows that one 
deals with comparatively low-voltage underground service; the 
other intimates the needs of a high-voltage overhead system. 
We are not much concerned about the lightning protection for 
an underground svstem, for certainly no arrester or arrester 
scheme between the conductors and the ground will be of 
great benefit, perhaps of no benefit at all, in the line of the 
disturbances that have been described to-night. Endeavors 
have been made to protect across phases; perhaps that is the 
remaining and only form of protection required for underground 
service. Lightning protection for high-voltage overhead svs- 
tems has as much bearing on the selection of a grounded neutral 
as any other one element of operation. Moreover, the mere 
benefit of grounding is not the sole consideration in selecting 
the tvpe of apparatus or the method of operation. For example, 
in an underground svstem there are a number of conductors 
in multiple, so that the elimination of one conductor does not 
cut out the entire service. 

The situation can be looked at from the standpoint of design 
or manufacture and also the standpoint of operation. Manu- 
facturers. I think, follow rather than lead in the adoption of 
high-voltage protective apparatus; so that as the contemplated 
voltages for commercial service get higher, it is very doubtful 
whether one can obtain arresters as quickly as one can get appar- 
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atus suitable for this service. Now, to ground the neutral would. 
throw the arrester ratings into a group which has been already 
only partly developed. Moreover, the question of insulators 
for these high voltages 1s also an important element in the selec- 
tion of the method of connection. Neither a grounded neutral 
nor an ungrounded neutral will save the puncturing of insulators 
by high-voltage strains induced by lightning. I do not refer 
to direct strokes, but to those concentrated charges that are 
known to exist on transmission lines and do not seem to be able 
to pass more than a few hundred feet at most from the point 
of application. It has been thought in times past that these 
charges jumped over the insulators, but it often happens that 
they cause punctures. Now, if a line be grounded, with resist-. 
ance or without, and the charge just described takes place— 
discharging over the insulator—a short-circuit follows which 
might be of sufficient strength to shatter the insulator. If it 
be an ungrounded system, it might be merely a static discharge 
of the local condenser current, so to speak, which will not have 
heat enough and will be so attenuated that it will not cause 
anything further than a temporary disturbance of that particular 
part of the line. 

A grounded neutral, moreover, does not help lightning- 
arrester operation. Theoretically, it throws more of a strain 
on the arrester at the time of operation than if the line were 
not grounded. The arrester, as Mr. Lincoln has said, can be 
insulated for a lower voltage and closer adjustment to the 
normal voltage of the line, but it 1s a grave question whether 
that is not offsct by the fact that the arrester helps to form at 
the time it operates a partial short circuit on the system, pro- 
vided the resistances do not give way under the strains, which 
is most doubtful. 

Another element of line operation that is not helped very 
much by grounding is the telephone plant. One of the most 
serious conditions in long-distance transmission at the time 
of any disturbance is the interruption of telephone service 
within the transmission system itself. 

If a resistance must be used—and there seems to be in certain 
cases good reason why this has been selected—it seems an easier 
matter to select a resistance suitable for low voltage than one suit- 
able for high voltage. Those of us who have studied the resist- 
ance for lightning protective apparatus know that a resistance of 
small size, of small cost, of large current-carrying capacity, and 
current-choking capacity, is a very hard thing to get. "The same 
problem in only a modified way exists in the high-tension system 
with the grounded neutral. I do not believe it is possible to pre- 
dict any positive method of operation, but I should say, judging 
from the progress of the art, that if the apparatus can be made 
sufficiently insulated to be connected in delta, and lightning- 
arresters can be found that will operate nicely at that voltage, 
and proper provision is made for the sectionalizing of the line 
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or cross-sectionalizing of the line if it happens to be a parallel 
circuit, that a minimum of interruption of service can be ob- 
tained. If in addition to this the progress of the art of light- 
ning protection will indicate relief from a great deal of these 
induced disturbances that I have spoken of, and if the promise 
of electrolytic lightning-arresters can be fulfilled, a great deal 
that I have just said about lightning protection will be very 
happily modified. 

John B. Taylor: The grounded nuetral with or without re- 
sistance must be regarded as a protective device, and for this 
reason the trend of discussion seems to be similar to discussions 
on lightning-arresters and choke-coils. Apparatus or devices 
which become operative only in emergency conditions cannot 
be subjected to tests that will absolutelv determine their value 
for the emergency condition, hence the reported results of 
successful operation from plants where the neutral is grounded 
and also where it 1s not grounded. 

Mr. Lincoln speaks of obtaining a neutral connection from 
' an auto-transformer connected to proper points of the delta." 
I have had occasion to make up stable artificial neutral points 
where no neutral is available on апу of the apparatus, but 
my arrangements could not be described in his terms and I ask 
Mr. Lincoln to show us a diagram of the arrangement he has in 
mind. 

In discussing the proper value of resistance in the neutral 
lead, Mr. Lincoln states that this resistance must be such as 
to pass sufficient current to trip the heaviest circuit-breaker. 
This requirement appears proper for feeder distribution systems 
which have already been referred to as ''radial feeders," but 
these should be considered as a special rather than a gencral 
case. The general case where it will be found desirable to 
make use of resistance in the neutral, 1s a system mainly of 
underground cables, supplving a number of sub-stations, having 
two or more cables which are parallel on the sub-station bus- 
bars as well as on the main station bus-bars. А consideration 
of this interconnection of cables will readily show that the 
current flowing to ground at the cable fault will divide according 
to the resistance of the various branches, part flowing from the 
main station over the faulty cable which has to be cut out, 
the rest flowing by way ot healthy cables, sub-station bus-bars, 
and faulty cable from the sub-station end. In general, then, 
the limited current must be at least twice that at which the 
circuit-breakers are set, and in addition to this there must be 
a liberal allowance for combined effects of conductor resistance, 
resistance at the fault itself, resistance of earth return, and 
drop in voltage at the generator. This requirement makes it 
dificult to make an entirely satisfactory application of the 
neutral resistance to svstems that have heavy feeders and at 
the same time fluctuating load, so that onlv limited. generator 
capacity may be at times in service, especially in the small 
hours of the night. 
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From the record of cable breaks, in Mr. Rhodes' paper, I 
have figured out the number of breaks per mile of cable per 
year. I think it a matter of interest that Mr. Junkersfeld’s 
figures on cable breaks, on a 9000-volt system in Chicago, for 
100 miles of cable per year, are very nearly the same. From 
Mr. Rhodes' figures the number of cases of burn-outs per mile 
of cable per year are slightly greater since the neutral was 
grounded. While the purpose of the ground in this plant is to 
secure selective operation of switches, yet I should look for a 
reduced number of burn-outs. With the resistance, grounds 
are more quickly removed, with consequent reduction in time 
of increased voltage strain on the whole system. Possibly the 
records do not cover a sufficiently long time to eliminate the ele- 
ment of chance; it is also possible that the increased number 
of faults since the resistance was installed are due to trouble in 
the joint, etc., incidental to the installation of a number of 
miles of new cable. 

Mr. Clark's experience with neutral resistance is certainly 
interesting and I hope that he can give us some more data on 
the following points. What is the resistance of the plate 
ground? Why have they not availed themselves, in addition 
to the plate, of the extensive system of water pipes, etc., which 
is generally available in the neighborhood of any large genera- 
ting plant? We have very little data on resistance of circuits 
with different earth terminals, and if Mr. Clark can advise how 
much the neutral resistance (given as 6.7 ohms) 15 increased by 
the earth resistance at the plate, we shall be indebted to him. 
I also hope that Mr. Clark will tell us the material of the neutral 
resistance, as cast-iron heated up to 1000? fahr. will practically 
double its resistance with corresponding reduction in current 
allowed to pass. 

The assumption that the resistance will pass 1000 amperes, 
apparently makes no allowance for resistance in the rest of the 
circuit. Obviously, if conditions were such as to permit the 
flow of 400 amperes—and this 1s insufficient to trip the circuit- 
breakers—the neutral resistance could not be expected to 
accomplish much under these adjustments. I will ask Mr. 
Clark to tell us what the circuit-breakers are set at? and whether 
or not parallel feeders are interconnected at sub-station bus-bars? 

I am also interested to know how Mr. Clark distinguishes 
alternating current shunted into telephone lines from alter- 
nating current with the same frequency induced in telephone 
lines. It is of course quite. possible to have this current in 
telephone lines due either to fall of potential between two 
points in the earth, or due to induction, and I hope Mr. Clark 
wil give a little more data on the local conditions showing 
that the alternating currents are due to conduction rather than 
induction. 

Carl Schwartz: On account of the many variables connected 
with grounding the neutral of a three-phase generating and 
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distribution system, a careful study of the individual conditions 
should govern a decision as to: 

1 Whether the neutral should be grounded or not. 

2 Whether directlv or through resistance, and 

3 If resistance be used, its amount and proper connection. 

In the system referred to in the following discussion, the 
neutral is grounded through resistance, but partly owing to 
the fact that the system has teen in operation for a compara- 
tively short time, not very extensive experience has been 
gained. The only statement which perhaps can be made is that 
so far no trouble has occurred to reason against the arrangement 
adopted, nor have objectionable features appeared. There are 
two power stations, ultimately to contain six units of 5000 
kilowatts, 11,000 volts, three-phase, 25 cycles each, and eight 
sub-stations, one power station with 20,0)0-kw. capacity, and 
three sub-stations in operation at the present time, 

The neutral ground connections are arranged as follows: 


Fic. 1 


Fig. l. A bus-bar of ground potential, 500,000 cir. mils, grounded 
at both ends, runs through the station. To this are connected 
the neutrals of the individual machines through separate re- 
sistances. Disconnecting knife-switches between machines and 
resistances allow their separation as may be rcquired. 

The ground plates are of copper, about 20 square feet, and 
buried deep enough to be always under salt water. Current 
transformers are inserted in each neutral, and also in the ground 
connection. The secondary leads of the neutral current trans- 
formers are brought to the main operating switchboard and 
ammeters can be inserted in the circuits by means of plugs. 
For the neutral ground connections, however, the two am- 
meters are located on a record board in the office of the load 
dispatcher. 

The former instruments are of little importance, while the 
latter indicate any ground or abnormal condition in the system 
and are used as "trouble indicators." The neutrals of two 
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adjacent generators can be connected together by a tie-switch 
which is ordinarily kept open, and closed only in case one 
machine alone is running in a station, as one resistance alone 
would not allow sufficient current to flow to trip the feeder- 
switch relays. 

The resistances are constructed of cast-iron grids, set in iron 
frames on porcelain insulators, and enclosed in fireproof brick 
compartments, with proper ventilation. The resistance of each 
of them is about 19 ohms, so that with a difference of potential 
between phases and ground of 6300 volts, about 330 amperes 
can flow through each resistance. From two to four resist- 
ances are to be used in parallel at one time. 

There appear to be a few points in favor of the arrangement 
outlined, as follows: 

1. It will be noted that two resistances, equal to about 38 
ohms, are always in series between two machines, and experi- 
ence confirms that practically no cross-current flows between 
the machines at the time of synchronizing or otherwise. А 
heavy, 75-cycle, cross-current flows if the neutrals are tied 
together directly, unless the field current can be adjusted to 
avoid this condition. 

As Mr. Rhodes points out on the third page of his paper, 
these cross-currents may have a very serious effect on the opera- 
tion of the station and interfere more or less with svnchronizing 
of the machines. For instance, with a load of 1800 kilowatts 
on each of two generators, 90 and 160 amperes field current 
respectively, a cross-current of 130 amperes was observed. 
With 120 amperes field current on both machines, and 2100 and 
600 kilowatts load, respectively, the cross-current was 65 
amperes. In both cases the neutrals were tied together solid. 

The difference in load in these particular instances was not 
very large, but the figures indicate the conditions to be expected 
with a greater difference or with improper field adjustment. 
This cross-current disappeared entirely with the resistance of 
38 ohms inserted. 

2. The main bus-bar has ground potential like all resistances 
and apparatus connected thereto and not in use. This would 
not always be the case were resistance inserted between the 
main bus-bar and ground. 

3. The arrangement allows the testing of either ground con- 
nection; one of these can be opened any time for this purpose. 

4. As not all the resistances are required for normal operation, 
the others serve as a reserve in case of a burn-out. 

5. The amount of resistance to be inserted into the neutral 
ground connection can be sufficiently varied to suit different 
operating conditions, at the discretion of the operating super- 
intendent. 

C. W. Stone: With an ungrounded system a short-circuit 
is expected to open the feeder-switch. If the neutral of that 
system were grounded without a resistance, it would contribute 
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to the chance of a short-circuit, because one phase to ground 
means an equivalent to a short-circuit and a consequent shock 
to the apparatus. It seems advisable, therefore, to put in a 
resistance to cut down the amount of current existing at this 
time, and for this reason I have always contended that the 
resistance should be inserted in the neutral. 

In one of the papers it is stated that it seems inadvisable 
to put in a resistance for each unit, resulting in a variable re- 
sistance according to the number of units in service. This is 
true. But it seems to me that a larger current flowing through 
the circuit is not serious if there are more machines in circuit, 
and the relative effect on the system is no greater than if with 
the single resistance and only one machine. 

Mr. Lincoln mentions the different points for grounding a 
system. I think it a bad plan to ground at more than one 
place. I know of one case where a lighting system was operated 
with the ground, not only in the main station, but in different 
sub-stations, and when a car started up in an outlying district 
the fluctuation in the lights was serious, due to the flow of 
direct current on this grounded connection, the neutral being 
a better ground return than the rails. 

If the neutral be grounded on a high-tension system, and 
an automatic switch be used, three current-transformers will 
be necessary instead of two—-and current-transformers аге 
not the best things to use in a high-tension system. 

Mr. Lincoln leaves wide latitude in the sclection of the type 
of resistance. I think that care should be taken in selecting the 
type of resistance. I note in both of the other papers that iron 
grids have been used for the neutral resistance. I think this 
is objectionable, because there is no doubt but that there is a 
certain amount of reactance with the iron grid. Reactance in 
series with the condenser action of the cables is not good, as 
we all know. It therefore seems best to use some resistance 
with practically no reactance. In the case cited bv Mr. Junkers- 
feld, they carefully avoided the iron grids and put in german- 
silver mbbon. 

Е. В. Н. Paine: There are places where it is desirable to 
use a high resistance in the neutral in order to limit the current 
to a certain small amount, regardless of the amount of energy 
being sent out, or the number of generators in service. There 
is no difficulty in operating the main switch with this limited 
neutral current if a current transformer is placed in the neutral 
and connected through a relay to operate the main switch with 
the predetermined current in the neutral. 

There is one case where it is desirable that the sub-station 
neutral at the end of the line be connected to ground through 
a resistance as well as that of the power station; that is, where 
this sub-station is connected to the source of power through 
fuses or other automatic apparatus which may open one leg 
of the circuit and leave the other legs connected, thus permitting 
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the electromotive force of the unconnected wire to soar accord- 
ing to the static capacity of the line, transformer, connections 
etc. and resulting in injury to the sub-station transformer. 

Chas. F. Scott: One point has received but little considera- 
tion, and that 15 the automatic circuit-opening devices. Relays 
and circuit-breakers have been mentioned, but their importance 
and their bearing upon the question now under discussion have 
not been fully brought out. Опе of the purposes of grounding 
the neutral is to facilitate the cutting out of a defective circuit. 
The presence of a permanent ground and the amount of resist- 
ance which may be inserted in it for limiting the current when 
one of the circuit wires becomes grounded are, therefore, very 
intimately related to the automatic opening devices. These 
devices are of various kinds. There must first of all be a dis- 
criminating, selective instrument which can recognize the con- 
ditions under which the circuit should be opened. Such an 
instrument may act upon overload or upon reverse current and 
it may incorporate certain time-elements. This device trans- 
mits its indication, usually through a relay, to the circuit- 
breaker. The circuit-breaker should be one which will act in- 
stantly and smoothly, cutting out the damaged circuit so 
quickly that the operation of the other circuits will not be ap- 
preciably affected. The action must be practically instantaneous 
in order to prevent a drop 1n potential on the system in general, 
which would affect the running of synchronous apparatus. 
The opening devices must, therefore, provide forgaction not only 
in case of a ground on one wire but also when there 1s a short- 
circuit between two of the wires. The whole matter of auto- 
matic circuit-opening devices is, therefore, very intimatelv 
connected with the grounding of the neutral. This indicates 
some of the various ramifications of the general problem of 
grounding the neutral in an operating system. 

The discussion this evening confirms an opinion that I ex- 
pressed some time ago with regard to experience with grounded 
neutrals. I said that so far as I had been able to determine, 
the managers of those plants which operate without a ground 
abhor grounds of all kinds and would not think of purposely 
grounding any point on the system. Оп the other hand, others 
who have operated with a grounded neutral place great re- 
liance for safety and reliability upon the fact that the neutral 
is grounded, and would not think of operating in any other 
way. 
Paul M. Lincoln: " Answering Mr. Taylor's question as to 
the method of obtaining a neutral in the delta connected system, 
there is no particular difficulty about this matter. In the ab- 
sence of a blackboard, if Mr. Taylor will imagine an equilateral 
triangle as a three-phase system, a conductor at each corner, 
then the neutral of that system will be at the centre of that 
triangle. Now, draw a line through the centre and let it 
intersect the side where it will, and call that line which you 
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have drawn through the centre an auto-transformer, with a 
number of turns proportional to the length between the centre 
and the points where it intersects the side, that will be the 
proper connection for an auto-transformer to obtain a neutral. 
For instance, if cne end of the auto-transformer be connected 
to the middle of one side of an equilateral triangle, and the 
other end to the opposite corner, so to speak, then the neutral 
will occur at a tap in the auto-transformer winding such that 
there 15 one turn in the section between the tap and the middle 
of our equilateral triangle to two on the opposite side. 

Another point which Mr. Tavlor mentioned is that in cases 
of multiple-connected feeders, a short-circuit occurring at a 
point near the farther end of these feeders, the ground currents 
will divide nearlv eauallv between them. 

The point is well taken, but is not at variance with the state- 
ment in my paper that, '' the resistance must be small enough 
to permit sufficient current to flow to trip the heaviest circuit- 
breaker on the system ”. 

Mr. Stone has raised the question as to relative advantages 
of a resistance in the neutral of each generator as against one 
resistance for all. So far as the action upon the windings of 
the generator 1s concerned, the former 1s the logical method of 
operating, because the resistance in neutral of each generator 
will limit the current which can flow through that particular 
generator to the point that the resistance is adjusted for. 
However, that is not the only point to take into consideration 
when fixing the neutral resistance. Of more importance than 
the destructive effects on the windings is the damage which 
will occur at the point of breakdown. Where the current 
is large, the damage at the point of breakdown is bound to be 
large, and I believe that limiting the damage at the point of 
breakdown 15 one of the great functions of resistance in the 
grounded neutral. Limitation of damage at the point of break- 
down requires a fixed resistance rather than a resistance depen- 
dent on the number of generators in circuit. 

George I. Rhodes: The object of the neutral resistance is to 
minimize the etfect of a ground and still remove the damaged 
feeder. With a single rheostat, the possible disturbance to the 
generating svstem will be a maximum with one machine run- 
ning, and a minimum with all generators on the line. With 
a separate rheostat for each generator, the relative disturbance 
wil be the same at all loads. In either case, the effect will be 
the same with a single machine on the line, hence a constant 
resistance will give the better results when more than one gen- 
erator 15 running. 

In an underground svstem such as that of the Interborough 
Rapid Transit Company, a ground on a cable is invariably 
followed by a short-circuit when the neutral is insulated. I do 
not see any way in which grounding the neutral can increase 
the number of short-circuits. In most of our burn-outs since 
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grounding the neutral, the switches have opened very easily 
without evidence cf heavy currents. | 

The inductance of cast-iron grids is very small. Our 6- 
ohm rheostat has a reactance of about 0.3 ohms at 25 cycles. 
In view of the large inductance of the generators and trans- 
formers on the system, this small increase can have very little 
influence on resonance effects. 

Chas. P. Steinmetz: In the early days of designing high- 
potential long-distance transmissions, engineers were very care- 
ful thoroughly to insulate every part of the svstem from ground. 
In later years grounding the neutral was tried, and the results 
were so satisfactory that the practice found extended accept- 
ance and many engineers since that time have recommended 
grounding the three-phase neutral. While I do not believe in 
promiscuous grounding, I recognize that 1n many cases a great 
advantage results from grounding the neutral of a three-phase 
svstem. It seems to me that the conditions in this respect are 
about as follows: 

1. The neutral of the three-phase system should not be grounded 
where grounding 1s not necessary. Grounding the neutral intro- 
duces the liability of a number of troubles and disadvantages, 
for any ground on a conductor of a system with the neutral 
grounded is a short-circuit, and shuts down the system or a 
part of the system. Theoretically it is true that with one con- 
ductor grounded and cut off by some automatic device the 
three-phase system can be operated with two lines and the 
grounded neutral as the third. This is called the “inverted 
three-phase system”. But this practice 15 not always feasible 
or safe; and just in those cases where grounding is especially 
desirable to maintain the electrostatic balance of the system, 
this inverted three-phase svstem, which 1s electrostatically un- 
balanced, would very likely be inoperative—it might lead to 
high-frequency oscillations and other serious disturbances. 

There is an essential difference in this respect between Western 
long-distance transmission lines and Eastern underground cable 
systems. Many things that are feasible and safe on a long- 
distance transmission line would prove disastrous in an under- 
ground cable circuit. Where the resistance of the circuit is 
large, so large that the effect of the resistance 1s comparable 
with that of the capacity, as is usually the case in a long-distance 
transmission line, it frequently is feasible to operate safely 
with an unbalanced electrostatic condition. It is also feasible 
to dead ground the neutral, the currents being limited, and 
oscillations, high-frequency disturbances are damped by the 
dead resistance. In an underground cable svstem the problem 
of keeping down the temperature of the cable, with its pocr 
heat-radiating capacity, limits the resistance of the cable to 
such values that the resistance effect is practically negligible 
compared with the capacity effect. In such a case, the damping 
effect of the circuit resistance is small, the volume of current 
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passing over an oscillating arc is large and correspondingly 
dangerous, and frequently the operation of the system when 
electrostatically unbalanced 15 not feasible, or at least unsafe. 
The experience with such low-resistance cable svstems 1s then 
quite different from that with high-resistance long-distance 
transmission lines. 

Another difficulty liable to result from grounding the neutral 
is ground currents, which may reach serious values, flowing over 
the neutral, especially where several neutrals are grounded, the 
current flowing between generator neutral and generator neutral, 
or between transformer neutral and transformer neutral; or, 
which is usually the most vicious case, between generator neutral 
and transformer neutral, in the latter case overheating the 
transformer by excess current even at no load. 

Another trouble is that grounding the neutral superimposes 
upon the pressure difference between ground and line an ad- 
ditional electromotive force, usually of treble frequency, gen- 
erated in the generators or the transformers. This changes the 
wave shape of the potential difference between the ground and 
line, produces a sharp peak, and raises the potential difference 
of the conductors against the ground by sometimes as much as 
40 per cent. and more beyond their normal values. These 
higher frequency voltages may lead to serious surges or high- 
voltage oscillations, due to the building up of the voltage by 
the capacity of the circuit between line and ground being in 
series with the inductance of transformers or generators in the 
circuit of these treble-frequency electromotive forces. 

Furthermore, telephone disturbances are liable to result from 
grounding the neutral, electrodynamic induction due to the 
currents flowing over the ground, or electrostatic induction due 
to this treble-frequency electromotive force appearing between 
line and ground. I have known a number of instances where 
the ground had to be taken off the generator neutral because 
of telephone interference. 

2. The neutral should be grounded if the system cannot be 
operated safely when electrostaticall y unbalanced. The three-phase 
system with grounded neutral is electrostatically balanced; 
that 1s, all three conductors have equal potential differences 
against ground. The three-phase svstem without grounded 
neutral, in normal condition of operaticn, is also electrostatically 
balanced, and the three conductors have equal potential differ- 
ences against the ground, and the electrostatic relations are 
the same as in the grounded system. If, however, a ground 
appears on one of the phases in the ungrounded system, then 
electrostatic unbalancing occurs and the other two line conductors 
rise to full potential difference against ground. In this case 
the grounded system shuts down. 

There are two kinds of electrostatic unbalancing by ground- 
ing one conductor: first, by a continuous ground or dead ground; 
secondly, bv an intermittent or oscillatory ground, as an arcing 
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ground or spark discharge. The electrostatic unbalancing due 
to the continuous or permanent ground on one phase leads to 
a higher potential difference between the other two phases and 
the ground. This may be serious in a system of very high 
potential, as 100,000 volts. As a rule it would not be serious, 
but should be well within the margin of insulation safety of an 
ordinary medium or high-voltage system. The effect of this 
unbalancing is that lightning-arresters discharge when set close 
to the normal voltage, so as to afford efficient protection, because 
during ground they are receiving 73 per cent. more voltage, 
the full delta voltage instead of the Y voltage. In an un- 
grounded system, then, the precaution must be taken to arrange 
a number of additional spark-gaps so that they are automatically 
thrown into the lightning-arrester circuit, to raise the discharge 
voltage up to the voltage which in this case exists between line 
and ground. This can easily be taken care of automatically, 
as by a fuse shunting these auxihary spark-gaps, the fuse 
opening when at the higher voltage the arrester begins to dis- 
charge continuously. 

There 1s also to be considered the electrostatic induction from 
the unbalanced high-potential circuit to lower potential circuits, 
related to them by step-up or step-down transformers, which 
may give very serious potential differences; for instance, be- 
tween the low-potential generator circuit and ground, thus 
leading to a breakdown in the generator system, or in a primary 
distribution system, at 2200 volts, fed by the high-potential 
line. Protective devices are therefore required on these low- 
potential systems; but aside from this the continuous ground 
seems to be of minor importance, different from the intermittent 
or oscillatory ground. The latter leads to serious high-potential, 
high-frequency disturbances, which may cause rapid destruc- 
tion. I believe that these are the main causes of the break- 
downs in ungrounded underground cable systems where the 
operation has not been quite successful. Here again is seen 
the great difference between the high-resistance, long-distance 
transmission line in which the oscillating discharge over an 
arcing ground 15 of very hmited volume, due to the high resist- 
ance of the line, and the condition in an underground cable 
system of negligible resistance, where the volume of this high- 
frequency oscillation is such as to lead to rapid destruction. 

In an overhead line this oscillation may finally lead to a 
permanent ground, while in a cable system it would lead to a 
short-circuit between the phases. Those arguments against 
using isolated systems, because such an oscillating arc would 
lead to a short-circuit between phases, apply only to the under- 
ground cable system and not to the overhead line. Where, 
therefore, such an oscillating ground leads to dangerous re- 
sults in a high-potential system, it is advisable to ground 
the neutral. 

3. Wherever it 1s not necessary to have more than one ground 
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on the system, 1t 1s desirable to ground the neutral at one place 
only. Several grounds are necessary where the circuit extends 
over so long a distance that the inductance between the 
ends of the circuit is too large for the ground on one end to 
safeguard the electrostatic balance against a high-frequency 
disturbance at the other end of the circuit. In this case both 
ends of the transmission line must be grounded. Otherwise 
multiple grounding 1s undesirable, since it introduces the danger 
of currents passing over the ground through the neutral, thus 
leading to electrodynamic induction, as on telephone circuits, 
to overloading and heating of apparatus by ground currents, and 
other troubles. Since no apparatus is in circuit at all times, 
with one ground only some method of switching the ground, 
or the use of a grounding bus-bar, 1s necessary to insure one 
ground being on the system. If it 15 desired to use the ground 
as an emergency return circuit, naturally grounds on both ends 
of the lines are needed, but I do not believe this practice is to 
be recommended, except for very low power in rather less im- 
portant lines. 

4. Whenever 1t is not safe to ground without resistance, resistance 
should be used in the ground circuit. Grounding without resist- 
ance becomes unsafe in a system of large power, for there would 
be a severe shock on a system with a grounded neutral if one 
phase grounds, resulting in a short-circuit. Furthermore, there 
is the possibility of an clectromotive force of tretle frequency 
appearing between the ground and the line, which with a dead- 
grounded neutral is liable to give rise to serious surges in the 
svstem between lines and ground, which are overcome by a re- 
sistance in the ground circuit. Therefore, to guard against 
surges between lines and ground, resistance is desirable in the 
ground circuit; occasionally it is absolutely necessary. In this 
case a single resistance is sufficient to dampen and so make 
harmless an oscillation between lines and ground. 

To limit the cross-currents between the grounds of different 
generators, or generators and transformers, a number of resist- 
ances are necessary, one in each generator or transformer 
neutral. The resistance should be as high as possible so as 
to produce but little disturbance or shock on the svstem, and 
rapidly to damp any oscillation that тау arise from a grounded 
neutral. The resistance should be low enough to act as a 
ground; that is, to insure a flow of current large enough to open 
the heaviest circuit-breaker, and thus cut off the damaged part 
of the system. 

Obviously, the resistance should be non-inductive and should 
be permanent; that 1s, should withstand excessive overloads, 
because the current which flows over the resistance in normal 
operation 1s insignificant compared with the current which flows 
in the case of an emergency as a ground on one line. I believe 
this fairly excludes the use of wire-wound resistances as liable 
to be inductive, and 1ї also excludes the use of such mixtures 
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of clay and graphite as have been mentioned, which are very 
inconstant in their resistance when exposed to high tempera- 
tures and excessive overloads. The requirements, however, 
seem to point especially to that class of resistances which de- 
crease in resistance with increase of current, the pyro-electrolytes, 
because such materials would permit the use of a rather high 
resistance between ground and neutral, thus passing very little 
current at normal operation; while in case of a short-circuit 
by a ground on one line, thev rise in temperature and decrease 
in resistance rapidly and then pass a current amply large to 
open the circuit-breaker and cut out the disabled feeder. "That 
would also give the advantage of introducing a time-limit into 
the operation of the resistance. 

5. I desire to draw attention to a general principle based 
on human nature, though it has some exceptions. Where the 
trend of the times 15 very strong in one direction; for instance, 
in favor of using induction motors instead of svnchronous 
motors, or vice versa, or grounded neutrals instead of un- 
grounded neutrals; wherever a case occurs in which it 1s doubtful 
whether one should do one thing or the other, it is usually 
safe to decide against the favored practice, for the reason that 
no one can remain entirely unbiased in his judgment if the 
general trend of sentiment is in a certain direction. Where 
one therefore thinks the advantages about equal, in most cases 
he unintentionally favors that side which is the fad of the time, 
and the impartisan argument therefore would be more in favor 
of the other side. 

Frank G. Baum (by letter): The advantages of the grounded 
star connection over delta for high-voltage transmission (from 
60,000 upwards) are as follows: 


1. The transformer potential is reduced in the ratio of — 


_ 0.58 
~ 4 


designed for reinforced insulation on one end of the transformer 
only, making them safer and cheaper. 

2. The maximum potential on all insulators, switches, etc., 
15 42.27. lower than with delta connection under normal or 
abnormal conditions. 

3. The station wiring is simpler. 

4. Small consumers may be supplied with one or two trans- 
formers. 

A number of years’ experience with several large transmission 
systems operating at voltages from 10,000 to 75,000, both delta 
and star, demonstrate that where the systems are properlv in- 
stalled there is no more difficulty in operating one than the 
other. Most of the troubles of the early transmission systems 
came from lack of insulation; with improvement in insulation 


, and for very high potentials the transformers may he 
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there disappeared nearly all the troubles variously ascribed to 
"static charges ", “lightning ", ''ground currents". ''tele- 
phone and telegraphic interference "', etc. 

Fig. l indicates the area covered by the California Gas & 
Electric Corporation. On this system there are now operating 
about 75,000 kilowatts in water-power units, and about 30,000 
kilowatts in engine units. The generators are star and delta 
connected, about equally divided. The star-connected gener- 
ators are not grounded. 

Most of the lines are star-connected for 60,000 volts, but 
other lines are operated delta-connected from the same gen- 
erators. "There are about 1000 miles of circuit at 60,000 volts; 
250 miles at 10,000 to 40,000, and 125 miles from 4000 to 10,000 
volts. The distributing lines are star or delta, as desired. 
There are over 100 sub-stations connected to the lines, a great 
many of them without operators. 

The entire system is operated in parallel as a unit, and all 
the 60,000-volt lines are in parallel. The lines, transformers, 
etc., are switched in and out of service under any condition of 
load or short-circuit, and are handled in every respect in switch- 
ing as though they were 2300-volt lines. 

For very high voltage systems I see no reason for adopting 
anything but a star connection. 

O. S. Lyford, Jr. (by letter): This is a subject which has 
as many sides as there are people interested init. The grounded 
neutral is a sort of antitoxin administered, not to prevent 
initial distemper, but to keep it from spreading. The danger 
is that the remedy mav prove more serious than the disease, or 
that the handicap to the general elasticity of the system may 
be greater than the immunity obtained. 

When the neutral ground is adopted, its group of evils is 
accepted as the lesser of two. There is greater flexibility and 
greater convenience in the use of apparatus if the system 1s 
ungrounded. I refer particularly to the use of transformers 
in delta and the ability to operate with only two of the three. 
This advantage has led to the use of delta-connected trans- 
formers in the great majority of transmission systems, and this 
grouping of transformers prohibits the use of a neutral ground 
except by adding more transformers from which a neutral 
connection may be brought out. in 

As has been stated, the grounding of the neutral does not 
decrease the normal working strains or reduce the number of 
initial disturbances; furthermore, it does not prevent the first 
surges which may follow an insulation failure. When used, it 
is generally in the hope that it will minimize the abnormal 
voltage between line and ground and insure prompt action of 
the automatic circuit-breakers which will cut off the defective 
circuit before the damage is extended or the system as a whole 
shut down. | 

There are many cases where even the subsequent troubles 
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may not be prevented by a grounded neutral. Last year a 
case in point was reported which affords an illustration with 
a ludicrous side. A high-voltage line in Montana, having a 
pole spacing of 200 feet, lost a pole. As a result the wire cross- 
ing a cattle ranch hung about four feet from the ground. A 
steer came along to investigate, put his head over the wire and 
'" got it in the neck " literally. Steer No. 2 came along, took 
a smell of No. 1 and fell dead. Steer No. 3 smelled of No. 2 
with corresponding effect. Nos. 4, 5, etc., did likewise until 
there were half a dozen or more lying dead in a row. 

A grounded neutral would not have reduced the amount of 
fresh beef materially, for even if the circuit-breakers had opened 
after each smell the operator would have had no alternative but 
to close the breaker again, making everything ready for the 
next. With a long line extending across the country the prin- 
cipal problem 15 not how quickly can one cut off a defective 
line, but how quickly can the defect be removed and to what 
extent can one operate until the defect 15 removed. 

We had one case where one wire of a 15,000-volt three-phase 
transmission line operating a number of converter sub-stations 
broke and one end laid on the ground all day without causing 
any interruption of the service until the next morning when 
attempt was made to start up the system and it was discovered 
that only one phase was operative. This would not have been 
possible with a grounded neutral. We had another case, on 
the system to which Mr. Clark refers in his paper, where the 
object of the grounded neutral was defeated in a very fortunate 
way. The poles of the 11,000-volt trunk line of this system 
are of steel and are carefully grounded. The cross-arms, how- 
ever, are of wood. Іп this case lightning struck the line, shat- 
tered some of the insulators and at least one of the wires was 
left lying on the cross-arm. The current was put back on this 
circuit and operation continued for some hours until repairs 
could be made conveniently. 

All of this does not prove that the grounded neutral should 
not be used, but that it is by no means a cure-all; many 
times it is a positive detriment. 

Referring to Mr. Lincoln’s list of advantages and dis- 
advantages, there is not much weight to advantages a, b, 
and c. Although a slight reduction in first cost of equip- 
ment may be cffected by using weaker insulation, this insula- 
tion must be sufficient to resist lightning strains which are 
g.eater than any due to a ground on one leg. Static induction 
in neighboring circuits is seldom a serious matter and can 
usually be taken care of in some other way. The regular use 
of the ground as a conductor is a practice that can be adopted 
in only a certain few instances. 

Advantage d is the main one, and on the other hand the 
principal disadvantage, although referred to later in Mr. Lin- 
coln's paper, 15 not mentioned in the list; namely, the increased 
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damage which may result to the generating apparatus and in 
some instances to the transmission system. 

Referring now to the use of a resistance in the ground con- 
nection of the system; this is really a compromise. With a 
neutral dead-grounded, any insulation failure in or near the 
power house means a practically dead short-circuit on the 
generators. Such a shock to the system is a serious matter 
which must be avoided as far as possible. It is inevitable with 
a short-circuit between phases, but there are few such short- 
circuits compared with the number of grounds, and one hesitates 
to adopt a measure which makes these grounds equivalent to 
short-circuits. The seriousness of these shocks develops, even 
if the short-circuit is of very short duration. Even fuse-testing 
in the immediate vicinity of the power station has caused dis- 
placement of the generator armature coils. Turbo-generators of 
high potential are peculiarly vulnerable in this particular. 

In the case referred to by Mr. Clark, the neutral ground was 
adopted principally because of the unusual arrangement of 
overhead and underground circuits with many possible combina- 
tions which may tend to resonance. The object desired was 
to cut off a defective circuit before such a result should follow. 
The resistance was placed in the neutral circuit to minimize 
the shock to the system. This system is laid out with the 
expectation that there will eventually be 38,000 kw. of generating 
capacity in the present station, (or possibly double this amount), 
another power station operating in parallel with this, and a 
greatly extended underground and overhead transmission system. 

As the ultimate conditions are approached, the advantage 
of limiting the current in the neutral circuit will increase. As 
matters now stand, the combination of equipment is such that 
we might expect very satisfactory results with either an un- 
grounded system, a dead-grounded neutral or a neutral grounded 
through resistance. There would undoubtedly have been fewer 
short-circuits, if there had been no neutral ground; on the other 
hand the character of the protective devices as a whole 1s such 
that very few of the interruptions have materially affected the 
service. As Mr. Clark points out, out of the 70-odd disturb- 
ances two would have been handled better with a dead grounded 
neutral. Neither of these two were very serious, however, 
and they do not in themselves prove that a change to one of 
the other combinations is preferable. Damage to the power 
station equipment by the surges which might occur without a 
neutral ground or by the shocks which might occur with a dead 
grounded neutral would result much more seriously. 

It is an interesting fact that three of the most important 
systems, one of which was started without a neutral ground, 
and two of which were started with neutral dead-grounded, have 
for different reasons subsequently adopted a neutral ground 
through a resistance or resistances. 

For the general case, it may be said that the ungrounded 
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system is preferable, the exception being where there are special 
conditions which make an interruption of service on a particular 
circuit of less importance than the consequences if the defective 
circuit is not immediately cut off. If the system is a large one 
and conditions necessitate a neutral ground, present experience 
indicates that there should be a resistance in the neutral circuit. 

George I. Rhodes (by letter): There were one or twoquestions 
asked during the discussion which I did not care to answer 
without looking further into the facts. 

Mr. Torchio remarked that no mention whatever was made 
of troubles inside the power and sub-stations which were in- 
creased by, or the result of, the grounded neutral. The reason 
for the apparent omission is that there have been absolutely 
no station troubles which would not have occurred with equally 
bad results had the neutral of the svstem been insulated. 

The only possible station troubles that can be increased or 
affected in any way by the presence of the grounded neutral 
are grounds on the station bus-bars, wiring, or transformers. 
Let us consider the effect of a ground on the power station 
bus-bar under the conditions of operation described in the 
writer's paper. If but a single generator is in operation, the 
station will be shut down. If more than one is on the line, 
that machine whose neutral is grounded will be removed from 
service, the remaining generators carrving the load. Even 
with but two generators in operation the remaining machine 
can easily carry the 100% overload for the short time necessary 
to get another machine into service. After changing over to 
the auxiliary bus-bar, the neutral of one machine can again 
be grounded and condition of normal operation resumed without 
interruption of service. 

With a ground on the sub-station bus-bar, the sub-station 
will be shut down if the total current required to operate the 
relavs is less than the maximum possible current to ground. 
If the relays require more current than this, the sub-station 
wil continue in operation, but the generator whose neutral 1s 
grounded may be shut down. If a ground occurs on the sub- 
station bus-bar when the neutral is insulated, 11 will be im- 
possible to remove this ground without first shutting down the 
sub-station on account of the large current flowing to ground 
(about 160 amperes). 

It 1s to be seen, then, that with the neutral grounded, grounds 
in the power and sub-stations may seriously affect the continuity 
of service only when a single generator 1s running. 

Mr. Taylor called attention to the fact that since the neutral 
of the system has been grounded, the burn-outs per vear per 
mile of cable have been more frequent than before. He sug- 
gested that perhaps this was due to the large amount of new 
cable installed. This is undoubtedly true to a certain extent, 
but it must be remembered that the amount of new cable in 
the original installation was almost as great. Не also suggested 
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that the time was so short that the element of chance was not 
removed. I fully agree with this. 

However, I have made a further study of the burn-outs 
occurring before and aíter the grounding of the neutral. In 
the original paper the writer gave a number of distinct operating 
burn-outs—12 before grounding and 16 after. Of these, there 
are known to be due directly to severe external mechanical 
injury, one before grounding, and seven since. Eliminating the 
latter, there are left 11 burn-outs before the grounding, and 
9 after, which were due to internal causes. The writer believes 
that these burn-outs alone should be used in determining 
whether or not grounding the neutral has increased the number. 
Previous to grounding there were operated approximately 620 
year-miles of cable, and since then there have been 660 year- 
miles. This gives the burn-outs per year per mile of cable due 
to internal causes 0.18 before, and 0.14 since the grounding. 
It thus appears that the grounded neutral has actually reduced 
the number of burn-outs that are not traceable directly to 
mechanical injury. 
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